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HIGH ALTITUDE POWERED PLATFORM

PHASE I REPORT

INTRODUCTION

This report presents results of Phase I of a two-phase feasibility study

for a High Altitude Powered Platform (HAPP) performed under Contract No.

NAS6-3131 with the National Aeronautics and Space Administration, Wallops

Flight Center, Wallops Island, Va. The objective of Phase I of this study

is to develop an integrated and complete set of system characteristics

including operational criteria for a lighter-than-air HAPP vehicle pow-

ered via microwave link. These characteristics and specifications are to

be presented in the form of an engineering vehicle design.

The requirements for the Phase I study included:

(1)

(2)

(3)

C4)

(s)

(6)

Selection o_f_a basic configuration

Development of a parametric analysis for optimization of the sel-

ected basic configuration for best performance.

Selection of a design and definition thereof.

System reliability predictions for final selected design.

Development of vehicle operating concepts, including safety and FAA

Regulations.

Estin_te of costs for prototype system development.

The microwave power transmission system, for purposes of this study, is

assumed to be available with characteristics as provided by the sponsor

in the contract Statement of Work_ This study is concerned only with the

physical aspects of the receiving rectenna.
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Previous related work in other programs and preparatory work by NASA has

provided an excellent background of information and data for this study.

References 7 and 8 report developments in kevlar technology oriented to-

wards use on high altitude airships. Reference 9 reports a study which

provides the basis on which passive laminar flow control was considered

for use on the HAPP vehicle. The "HASPA" program, Reference 14, provided

a background of experience for HAPP type operations which was considered

in many decisions. NASA, Wallops Island Flight Center, conducted statis-

tical wind studies reported in References 1 and 2 which were specifically

oriented toward the HAPP mission and provided the data for wind environ-

ment which was crucial to HAPP design. The study reported herein pro-

ceeded from this substantial background of pertinent information.



" :,4

r=-

2.0

2.1

DESCRIPTION OF PROBLEM

ENVIRONMENTAL

The conceptual system which this study explores is a geo-stationary

lighter-than-air vehicle flying in the stratosphere in a strata of min-

imum winds and powered by energy received from the ground via electro-

magnetic microwave transmission.

The intent of the HAPP program is to exploit benefits ass6ciated with

high altitude flight for the purpose of positioning a communication re-

lay. A primary advantage of operation in the chosen 20 km altitude range

includes minimum winds and reduced air density which lowers propulsion

power required. This altitude also provides an appropriate vertical po-

sition for relaying line of sight transmissions.

To fly on microwave power from the ground, the ship must be within the

aiming limits of the microwave beam which is specified as being within 4°

of ground station zenith. Outside of this limit, the ship must fly on

auxiliary power using on-board fuel. Thus, the timewise distribution of

wind velocities during a mission creates a trade-off situation where the

weight of a microwave system to accommodate a given wind velocity is bal-

anced against the weight of an auxiliary system to supplement microwave

power when the wind exceeds the given velocity.

The typical patterns of wind velocities in the United States at various

altitudes for four locations are depicted in Figures 2-1 and 2-2. The

details of this wind structure as it might apply to a HAPP Vehicle were

studied in considerable detail as reported in References 1 and 2. These

3
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references became the basis for the statistical winds used in this study

and afforded a variety of options for consideration in determining the

most advantageous operating scenarios for the platform.

The effects of reduced air density become apparent in aerodynamic and

aerostatic forces. These vary directly with density, and density at 20

km altitude is 1/14 that at sea level. A further effect of the density

change with altitude is the change in volume of lifting gas for an air-

ship. For a HAPP vehicle with a 14 to 1 volume change, major consider-

ation must be given to method of accommodating this change, and two al-

ternatives are available. One, launch the ship in a partially inflated

condition and let the expanding gas fill out and pressurize the ship at

altitude, and two, provide air filled ballonets to pressurize and main-

tain the ships shape in all phases of flight.

Thermal factors affect airship materials and performance in several ways.

Ambient air temperatures are on the order of 217°K (-56°C). The low air

density decreases convective heat transfer so that thermal radiation ef-

fects tend to predominate in surface heat transfer situations. Thus,

thermally passive components may have significant variations from the am-

bient temperature. Variation of gas temperature from day to night af-

fects the aerostatic lift and airship internal pressures.

Solar ultra-violet radiation is an order of magnitude more intense in the

20 km altitude region than at sea level with a consequent acceleration in

the UV degradation of susceptible materials.
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A_nbient atmospheric pressure at about 1/18th of sea level pressure has a

beneficial effect on helium gas loss and air dilution in the ship, in

that permeability rates are proportional to the partial pressures of

gases across the membrane involved.

AEROSTATICS

The aerostatic buoyancy of an airship is derived from Archimedes Princi-

ple and perfect gas laws, and is developed using equations and symbols

from the HAPP Parametric Computer Program (See Appendix A).

The magnitude of the aerostatic buoyancy or lift is given in equation 1.

I. L - MG ( PA TGRG- I)

PG TARA

Where M - mass

P - absolute pressure

T - absolute temperature

R - gas constant

and Subscripts A - ambient air and G = lifting gas.

Thus buoyancy is sensitive to environmental and internal factors. Since

the difference between aerostatic buoyancy and weight must be compensated

by aerodynamic lift, which requires airspeed and power, it is desirable to

minimize buoyancy changes. To maintain a constant buoyancy for example, a

decrease in supertemperature might be compensated by a corresponding

decrease in the differential pressure. This is practical so long as the

differential pressure does not fall below the structurally required pres-

sure for rigidity of the ship. The gas constant for air may be regarded as
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not varying, however, the inflation gas constant will be different for

different gases. Also if the same gas, such as helium, loses purity by air

contamination the gas constant will change. Ninety-five percent purity is

assumed throughout this study.

POWER SUPPLY

The power to maintain the ship at some required velocity is derived from

reception of microwave energy transmission supplemented by a self-con-

tained power system when the microwave power is not adequate, or not

available. As long as a given level of microwave energy is available,

the operations within this energy level may be varied as desired without

any significant effects on the overall results. However, when operations

upon the auxiliary power plant become necessary, on board fuel is con-

sumed and constitutes a weight penalty which translates back to increased

ship size. This trade-off and associated operational scenarios are ad-

dressed in the parametric study, Section 4.0.

AERODYNAMICS

Laminar Flow Hull Shape

The technoTogy of utilizing section shaping to achieve passive boundary

layer control of airfoil sections has been well developed in recent

years. The companion technology as applied to bodies of revolution has

received some attention, although not as widespread, principally due to

the limited range of Reynolds numbers in which it is applicable and to

various sensitivities exhibited in maintaining a laminar boundary layer.

The Reynolds numbers of a hull flying at relatively slow speed at high

altitude imply that with passive boundary layer control shaping, large

drag reductions are possible due to extensive laminar flow. The pos-

8
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sibility of applying passive laminar boundary layer control to high al-

titude airship design was favorably reported in Reference 9. Wind tunnel

and underwater model tests for a specific shape, the "DOLPHIN" shape, was

reported in Reference 10.

The low Reynolds number of the HAPP airship compared to a conventional

low altitude blimp, is the primary reason that extensive laminar flow may

be realizable with the HAPP. A conventional blimp exhibits laminar flow

in the boundary layer only for a short distance and quickly develops a

turbulent boundary layer. In the area of the car and toward the unfavor-

able pressure gradient near the tail section, the boundary layer separ-

ates from the hull. This is illustrated in Figure 2-3, Conventional Air-

ship Shape Boundary Layer. With proper hull shaping, the transition from

laminar to turbulent flow in the boundary layer can be moved aft on the

hull substantially. Immediately after boundary layer transition, while

the turbulent boundary layer is still young and thin, the flow is rapidly

diffused to above ambient pressure and then subsequently expanded to at-

mospheric. This serves to maximize the volume/surface area ratio of the

body without a severe pressure drag penalty and results in body shapes

with rather thin afterbody sting shapes. The flow along a passive bound-

ary layer control hull is illustrated in Figure 2-4, Passive Boundary

Layer Control by Hull Shaping.

The boundary layer transition position is a function of angle of attack,

surface roughness and waviness, in addition to Reynolds number. The drag

will change as angle of attack influences the pressure gradient on the hull

(manifested as profile drag) and as the hull develops, left-induced drag is

generated. Surface roughness, in the form of steps, protuberances and
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surface waviness can prematurely transition the boundary layer, upsetting

the pressure distribution and low drag of the hull. Due to the very low

Reynolds number per foot of the HAPP full scale hull, the allowable step

seam could likely be as large as 0.031 cm without tripping the boundary

layer. Since the hull material is thin, lap joints can be manufactured

below this step height. The most likely source of troublesome surface

imperfection would be surface waviness, however, modern construction

techniques for inflatable hulls should provide tolerable surface waviness.

Microwave heating of the rectenna surface may possibly result in localized

premature transition of the boundary layer. Preliminary evaluation of new

patterning techniques indicate that the HAPP configuration can be

manufactured within tolerances necessary to result in a functional passive

boundary layer control shape. Future testing on full size preproduction

runs of HAPP material would lend additional support to such manufacturing

questions.

The candidate shape considered here for low drag will be referred to as

the "Dolphin", because of its resemblance of a dolphin animal. In pio-

neering work by Carmichael (Appendix B), a body shape was developed to

exploit the described flow phenomenon, and drag coefficients were cal-

culated by integrating the skin friction drag over the body with suitable

laminar and turbulent skin friction coefficients. The resulting "Dol-

phin" shape was tested both in a wind tunnel and in a deep-sea drop test.

Some of the results are presented in Figure 2-5, Experimental Comparisons

of the Dolphin and Standard Bodies. The body shape considered for HAPP is

a Carmichael test body shape with a shortened tail boom owing to structual

considerations. The effect on drag of shortening the tail boom would be

12
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2.4.2

related to increased base drag area, on the order of 5%, but the increase

may be avoided by proper design for propeller-hull interaction.

Stability And Control

The HAPP vehicle primary mode of flight control is thrust vectoring of

the aft propeller. This was chosen over conventional rudders, or pro-

peller cyclic control because of its low weight and effective low-speed

control. Conventional rudders on the light-weight inflated fins would

have resulted in a large weight penalty, and would not have provided much

needed control forces during low speed landing maneuvering. With the aft

propeller installation, either a gimballed or cyclic propeller could pro-

vide the needed control forces even at low speeds. The gimballed propel-

ler configuration requires clearance from the fins when fully vectored,

slightly restricting the fin geometry. The cyclic propeller requires a

more complicated control system and is felt to have less reliability than

the gimballed installation. The gimballed propeller was selected for

HAPP on this basis.

Basic airship hulls are statically unstable in heading. Stabilizing fins

are used on the afterbody to provide a margin of static stability. In-

formation in References 11 and 12 were applied in evaluating stability

factors. The size and position of the fins have been selected to provide

a degree of static margin necessary to reduce airship wallowing in

straight line flight. Wallowing is considered detrimental because it

could potentially interfere with the laminar flow by altering the hull

pressure distribution and moving the boundary layer transition or

separation position. The reduction of wallowing is a driver toward large

fins.

13
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Weight, drag and turning performance, however, are drivers for small fins.

Obviously, smaller fins weigh less and have less drag. When turning the

airship, the vectored trust is used to cause the airship to fly with an

angle of sideslip. This results in a side force which provides the cen-

tripetal acceleration to fly in a circle. Because the airship is stat-

ically stable in heading, a moment is generated to reduce the sideslip

angle. During a steady-state turn, this moment is balanced by the moment

generated by the vectored propeller. The larger the fins, the greater the

moment and the greater the thrust or thrust angle required from the

vectoredpropeller to balance it. Good turning performance with small

vectoring angles is a driver toward smaller fins.

In the HAPP mission, a certain level of turning performance is necessary

to maintain flight within the microwave beam cross-section. Because both

centripetal acceleration and aerodynamic sideforce are functions of vel-

ocity squared and are balanced against each other (canceling the velocity

terms) the minimum turning radius is independent of velocity. At high

windspeeds, the ship is flown at the wind velocity and only short sec-

tions of arcs need be flown to maintain position within the beam. At very

low windspeeds in the daytime, the ship is left nearly free floating. In

this condition, it is possible to drift ahead of the beam center requir-

ing the ship to fly a full 360 degree circle to return back to the beam

center. In very low winds at night, the ship must be flown in a circle

to maintain the necessary dynamic lift. As the windspeed increases, the

flight path becomes oval.

At an intermediate windspeed, a figure eight path may result in the mini-

mum departure from beam center. Instead of circular flight paths, it may
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also be possible to slow the ship, lose altitude and drift backwards fol-

lowed with an increase in speed, a gain in altitude and movement forward.

Repeating this cycle over and over keeps the airship within a confined

area. Once the windspeed reaches the minimum speed necessary to maintain

dynamic lift, circling is no longer necessary. This occurs at approxi-

mately 40 knots.

In the full scalevehicle development, careful evaluation of wind tunnel

results and demonstrator flights will be necessary to effectively opti-

mize the fin size and position. For the HAPP parametrics, the fin size

was based on a circular flight requirement of 500 meter radius (minimum)

with ± 22.5 ° gimbal angle and maintenance of some degree of static sta-

bility. The HAPP turning performance is illustrated in Figure 2-6, HAPP

Airship Turning Profile. The figure represents a time history plot for

the vehicle when linear acceleration is balanced against thrust, drag,

centripetal, and side forces.

An inverted "Y" fin tail was chosen as the lightest weight configuration

and also results in very good ground clearance. Inflated fins were sel-

ected over rigid fins because they showed an advantage in the parametric

analysis and they can be deflated tO facilitate the transfer of the air-

ship to a marginally sized hangar.

Drag

The low drag Dolphin hull shape has been chosen for HAPP to minimize power

required to maintain on station with head winds. The drag coefficient used

in the parametric study for the overall vehicle is CDO = .018 (based of

V2/3). This value is the result of a drag build-up of a basic hull drag,
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fin drag, and windscreen drag. When using dynamic lift, induced drag due

to lift is added to the basic vehicle drag.

The bare Dolphin hull drag was determined by examination of the theoreti-

cal and experimental data available.

Dolphin Hull Drag @ Rn - 18 x 106

TURBULENT

Experimental (wind tunnel)

Theoretical (Young's calculation)

BARE HULL (V2/3)

•0200

.0200

LAMINAR (TO 60% OF BODY

Experimental .0072

Young's calculation .0086

From the data, it is felt conservative to select CDO - 0.010 for the

Dolphin. At worse case, in the event of a totally turbulent flow condi-

tion, CDO = 0.020.

The tail drag coefficient is calculated assuming the tail size selected

previously. The soft fin is expected to have a turbulent flow boundary

layer due to the waviness of the fin skin. The hard fin is expected to

have turbulent flow for the inboard half and laminar flow on the outboard

half.
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SOFT TAIL CD Ibased on projected area I CD (based on V2/31

NACA 0012 .0074 .0051

NACA 0018 .0081 .0056

HARD TAIL

NACA 0010 .0050 .0034

NACA 0012 .0053 .0036

NACA 0018 .0060 .0041

It was initially felt that the heavier but lower drag hard fins would

parametrically trade-off favorably. This was not the case and because of

their greater cost and unfavorable impact on weight and balance, hard

fins were not selected for the HAPP vehicle. The soft fins selected used

the NASA 0018 airfoil and resulted in a larger spar depth and increased

bending stiffness. Airfoil data was acquired from Reference 12.

The windscreen is estimated to contribute CD = .002 based on V2/3.

This is an estimate based on a nominal windscreen size. The true, full-

scale windscreen dimensions and drag are not known.

The Dolphin base drag is now totalled. A worst case, fully turbulent

drag coefficient is provided below for the readers background. The lam-

inar flow drag coefficient is felt to be conservative.
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LAMINAR TURBULENT

ITEM CDO (V2/3) Worst Case CDO

Hull .0100 .0200

Fins .0056 .0056

Windscreen .0020 .0020

Total 0.0176 = .018 0.0276 = .028

r

ASCENT, DESCENT

Air compartments called ballonets by which the air volume can be in-

creased and decreased on demand are required in the pressurized structure

to accommodate changimg volumes of helium with changes of pressure and

temperature. The volume requirement for a given mass of lifting gas is

given in Equation 2.

Equation 2: VG- MG RG (TA + SH)/(P + PD)

Where: VG = volume of gas

MG = mass of gas

RG = gas constant (for HAPP study, the gas is helium + 5%

air contamination)

TA = ambient absolute temperature

SH = superheat, the difference gas - ambient temperature

P = ambient absolute pressure

PD = superpressure, the difference gas - ambient pressure

As altitude is changed from sea level to 20 km, the volume of helium un-

der standard atmosphere conditions changes by a factor of 14. The helium

volume change must be compensated by ballonet volume.
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A complication with this size ballonet is that at low altitudes the heli-

um occupies a small portion of the envelope and the center of buoyancy

moves a great deal as the ship pitches creating an unfavorable pitch sit-

uation. This problem must be accomodated in the ship design and opera-

tional procedures. It must also be expected that minor unbalances will

occur during operation that must be handled in flight by some means such

as trim ballonets or weight transfers.

GUIDANCE

The problems of position keeping and guidance although somewhat complica-

ted are all within state of the art as applied to other aerospace vehic-

les. The guidance requirement is to position the ship after ascent on

station within the confines of the microwave beam energy and to keep it

there throughout various wind regimes and to bring it back to station if

it should blow off. Generally speaking, in comparison with airplanes and

missiles, the accuracy and time response for this ship are not at all se-

vere. The microwave beam is focused into a tight beam with a cross- sec-

tion at the ship approximating the rectenna area, but the beam can be

aimed within an arc of 4° from vertical. At 20 km, this provides a cir-

cular operating area for the ship 3 km in diameter.

A positioning information system for operations within the microwave beam

has been worked out by Raytheon Corporation. It requires a 1 watt "pilot

beam" on the ship pointing down which by means of x-y coordinate inter-

ferometry on the ground provides airship-ground antenna relative position

information, which is then used to navigate the ship. Microwave beam

polarization is sensed at the ship and telemetered to the ground to ro-

tate the ground antenna in synchronization with the ship rotation.
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3.1

3.1.1

3.1.2

CONFIGURATION SELECTION

VEHICLE CONCEPTS

Five different lighter-than-air airship configurations were considered.

These represented the total spectrum of concepts that have been proposed

in this field. The five configurations are:

(1) Oblate spheroid

(2) Deltoid

(3) Conventional airship, pod drive

(4) Conventional hull, stern drive

(5) Laminar flow hull, stern drive

The four concepts that were seriously considered are shown in Figure 3-1.

Each is discussed below:

Oblate Spheroid

The expected advantage was a capability of motion in any direction with-

out turning. This is not possible because the aerodynamic center of lift

is 1/3 of radius aft of the leading edge and with a fixed center of grav-

ity location, omni-directional flight would not be possible. The shape

would have poor volume/surface area efficiency and as a new concept would

have a high technology risk. This shape was therefore eliminated as a

candidate.

Deltoid Shape

This refers to a hull in which aerostatic lift is efficiently supple-

mented by aerodynamic lift of the thick delta shaped airfoil body. An-

alysis of this shape is detailed in Appendix C. This configuration has

been eliminated because:
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TYPES OF AIRSHIPS CONSIDERED

,%

A. DELTOID._
AOVANTAGE AT * 80_'kt

\

CONVENTIONAL AIRSHIP. POD DRIVE

LIGHT, INEFFICIENT, HIGH DRAG

C. CONVENTIONAL AIRSHIP, STERN DRIVE

LJGH'r, EFF1CIJ_'I", MOOERATE DRAG, TAIL HF_.AVY

D. PASSIVE LAMINAR FLOW AIRSHIP, STERN DRIVE

LIGHT, EFFICIENT, LOW ORA(_ TAIL HEAVY, NEW TECHNOLOGY

FIGURE 3-1, TYPES OF AIRSHIPS CONSIDERED
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3.1.3

3.1.4

3.1.5

a.

b.

c.

It would provide a power advantage only at speeds above 80

knots, which represents a very small portion of the HAPP

flight regime.

Poor volume - surface area efficiency compared to an axially

symmetric body.

A new concept with a high technology risk.

Conventional Airship, Pod Drive

Based on Navy ZPG data, a drag coefficient of .04 would be expected. In

addition, propulsion efficiency as affected by propeller disk diameter

would be limited by hangar and ground clearance consideration, to an es-

timated maximum of .85.

Conventional Airship, Stern Drive

The drag coefficient for stern drive would be less than with pod drive by

elimination of external pods and supports to approximately CD = .028.

Propulsive efficiency would be increased by to perhaps .95 by use of a

larger propellor. In addition further minor drag advantages of stern

propulsion could accrue by favorable interaction of flow between the aft

portion of the hull and the propeller.

Laminar Flow Hull, Stern Drive

As discussed in Section 2.4 under aerodynamics, advanced hull shapes of-

fer the possibility of significantly lower drag. Since the laminar flow

hull has to date not been attempted on an airship, there is a technology

risk. However, the following factors make the selection of this config-

uration advisable.

(a) Significant advantages in airship size and power requirements.
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(b) At best the drag coefficient of the hull with fins may be .018

or slightly better. At worst a drag coefficient of .028 would

still be as good as a conventional hull.

(c) The volume to surface area ratio is very good because of the

low fineness ratio of the dolphin shape.

(d) The quiescent atmosphere of the stratosphere is compatible

with laminar flow retention.

(e) Manufacturing techniques to meet surface smoothness and wavi-

ness requirements for laminar flow are possible.

(f) The airship low speed at low altitudes avoids accrual of sur-

face bumps such as insect impacts.

(g) Stern drive advantages as given in 3.1.4.

Consideration of the above advantages results in selection of this con-

figuration, that is, a laminar flow hull, "dolphin" shape, with stern

propulsion.

Factors which are accepted and must be recognized with the use of this

concept are:

(1) A risk that aerodynamic flow will not meet expectations, a risk

that cannot be obviated until a large model is flown in the strat-

osphere.

(2) The dolphin shape has a small diameter tail section which requires

attention to insure that the structure is adequate to handle the

bending moments.

The stern propulsion results in a concentration of weights in the

stern area so that airship balance becomes a critical factor in

positioning components.

(3)
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Another decision point in configuration is the choice of "hard" fins or

fabric inflated "soft" fins. Hard fins have lower aerodynamic drag but

are heavier and more expensive (composite technology). This is a trade-

off feature in which the parametric studies for both HI-SPOT and HAPP

have favored the "soft" fins for mission performance. Therefore, "soft"

fins are selected as part of the configuration.

A basic structural decision for the airship is "rigid" vs. "non-rigid".

Since the shape selected is a body of revolution, it is compatible with a

"non-rigid" pressurized structure. A review of weights of historic rigid

airships, and giving allowances for modern materials, indicates that a

rigid hull would be several times heavier than a non-rigid. Further, for

this unmanned application, there are no significant advantages. There-

fore, a non-rigid pressurized structure is selected.

PROPULSION

The main component in the propulsion system is a synchronous, permanent

magnet 3 phase, brushless A.C. motor. Several of these motors will be

used in parallel and cascaded through a combining sprag clutch to enable

the power system to bring more motors on line as required. This allows

the motors to run close to design speed and torque most of the time and

allows the unused motors to stand by, thus increasing reliability.

Powerplant configuration selection is described in Appendix D which re-

ports studies done under sub-contract by DSI Inc. A schematic of the

energy flow is shown in Figure 3-2.
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The auxiliary engine drives a generator which provides electric power to

the primary electric motor. This arrangement for auxiliary power is sel-

ected to provide flexibility in location of the auxiliary engine for air-

ship balance purposes. A deviation from the DSl power plant configura-

tion is that a reciprocating engine is selected for the auxiliary engine

rather than a gas turbine. The reason is that engine studies under Pro-

ject HI- SPOT disclosed that gas turbines cannot readily be started at

mission altitudes.

MATERIALS

Envelope and Fin

Throughout the past several years, ILC has put a considerable amount of

effort into the investigation of materials for high altitude airships.

Because of the need for a high strength-to-weight ratio fabric, Kevlar

has been a desirable candidate. During this period of time, advanced

yarn processing and weaving techniques have been developed for Kevlar

fabric which have greatly reduced the flex fatigue problems associated

with Kevlar in the past.

In 1977, ILC conducted a study for NADC under Contract 77-M3495, which

evaluated a Leno weave Kevlar scrim base fabric in conjunction with a

film transfer coat. After extensive evaluation of the fabric, it was

discovered that when both yarn systems were stressed, the two yarns of

the Leno weave in the warp direction were cutting each other as well as

the fill yarn system.

In 1979, under another contract with NADC, further development work was
?

performed utilizing custom woven 200 denier, 40 x 40 and 30 x 30 count,

28



! ?:

T .:;

K:.

!....

ii;

r.-.

[ il!

,eL_

[_-:
r _

T.

3.3.2

plain weave Kevlar fabrics as the base materials in film laminate combin-

ations. Laminates of Mylar/Kevlar, Tedlar/Kevlar and polyurethane film

transfer coated Kevlar were constructed and evaluated as reported in Re-

ference 3. Based upon the test results and the excellent inherent wea-

therability of Tedlar film, the laminate of Tedlar/Kevlar (200 denier, 40

x 30 count, plain weave) was selected to be pursued for further investi-

gation.

Evaluation of white pigmented Tedlar film laminated to the above mentioned

Kevlar scrim has been on-going for the past year. Based upon recent ther-

mal studies, however, it has become apparent that a metallized Tedlar

film may be more desirable than the white Tedlar. Preliminary invest-

igation has indicated that a clear Tedlar film, with a vapor deposited

silver layer, will yield the optimum absorptance, transmittance and re-

flective characteristics needed for the airship.

ILC recognizes that the incorporation of a metalized surface into the

laminate may cause bonding difficulties and is prepared to investigate a

variety of adhesives. However, the optimum adhesive for laminates which

have been constructed in the past is Hytrel, a polyester elastomer. Var-

ious polyurethanes have been evaluated as laminating adhesives, but Hy-

trel exhibits the best bond strength and flexibility in the finished Ted-

lar/Kevlar laminate construction.

Tapin) Materials

Having constructed balloons for many years, ILC is aware of perturbation

caused to the envelope material by structural tapes. To remedy this oc-

currence, ILC investigated a tape construction consisting of Iowmodulus
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yarns in the warp direction and high modulus/high strength yarns in the

fill direction. This type of construction would enable the tape to yield

with the hull. The construction selected for evaluation was a Leno weave

with 14 groups of 50 denier nylon in the warp direction and 40 yarns of

200 denier Kevlar in the fill direction. Preliminary testing of this

material in a taped seam indicates that the stress strain characteristics

are nearly identical to those of the base fabric. ILC is planning to

utilize Hytrel as the adhesive for attaching the structural tape to the -

hull and fin material. Hytrel has excellent low temperature performance

and heat seals well. Two techniques of utilizing the Hytrel are to coat

it directly onto the taping material or to use Hytrel in film form and

sandwich it between the hull fabric and taping material. Each of these

methods would be sealable by radio frequency techniques and will both be

evaluated.

Since recent evaluation has shown that an adequate bond between Tedlar

and Hytrel can be obtained when RF sealed, a Hytrel coated Tedlar film

will be utilized as the face tape.

Data in References 3 and 4 indicates that an ultimate strength of 260

Ib/inch (455 N/cm) in both directions can be attained with a Kevlar fab-

ric weight of 1.8 oz/yd 2 (61 g/m 2) plus film and adhesive weight of

1.7 oz/yd 2 (58 gm/m2). A total material unit weight of 3.5 oz/yd 2

(119 gm/m 2) was derived from this basis. Increased strength is

achieved for parametric study purposes by increasing the Kevlar weight in

proportion to strength required and holding the film and adhesive weight

constant.
?

30



r-_

iL;

t_

_-_

I_:.

[.__

I: {i

I

! _T'v

_°

:\...

3.3.3

3.4

Ballonet Material

At the present time, the most likely ballonet fabric will be a light-

weight scrim reinforced film. The candidate scrim is a 40 denier, 80 x

53 count, polyester Leno weave which weighs 0.85 oz/yd 2. This scrim

will be film transfer coated with polyurethane to obtain an air holding

construction.

The overall construction should be light in weight (under 3.0 oz/yd 2)

and easily fabricated by use of RF sealing techniques.

ASCENT/DESCENT

The need for a very large (nearly 100 percent) ballonet is a unique de-

sign problem which has been accommodated as illustrated in Figure 3-3.

With this ballonet concept, launch is accomplished with the ship horizon-

tal and the helium contained in a compartment at the top of the ship to

avoid sloshing and unbalance of the ship in the launch configuration.

The ballonet is a diaphram separating the ship longitudinally into two

equal portions. The chamber beneath the diaphram is filled with air at

launch and the ballonet presses against the top of the ship with no gas

between it and the ship. The ship, while horizontal, commences its as-

cent to altitude without propulsion by virtue of some excess aerostatic

free lift from the helium charge. As the ascent progresses, the helium

expands through a port into the chamber above the main diaphram and ac-

cumulates in the nose of the ship. This produces a nose up trim which

gradually increases until the ship is nose up at about 85 degrees above

horizontal. As the helium chamber above the diaphram continues to fill

with helium, the center of buoyancy moves toward the tail of the ship

thus bringing the center of buoyancy closer to the center of gravity and
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rotating the ship back toward a horizontal attitude. The rate of ascent

is controlled at a reasonable value on the order of 150 meters per minute

by valving helium or dropping ballast as necessary. Thus, for this oper-

ation, external ballast would be attached to the ship and compensated by

additional helium which would be valved off when equilibrium is reached

at pressure altitude. During cruise, fine trim control would be achieved

by moving air between the fore and aft trim ballonets.

During ascent, the ship would typically encounter high tropospheric winds

and would be blown some significant distance away from its desired sta-

tion position. Upon reaching altitude, the ship would motor with the

auxiliary engine to the station and once in the microwave beam the micro-

wave power would take over.

For the descent operation, the ship would first proceed at altitude under

auxiliary power to a calculated point where the ship can arrive at the

landing spot without need for travel at low altitude. This is done be-

cause ship speed at low altitude is slower than at high altitude by a

factor inversely proportional to the square root of the air densities

(3.7 for 20 km to sea level). Thus, less fuel is required to make the

travel distance at altitude.

The airship inflation gas management for descent is quite different from

the ascent procedure. In order to fly the ship down in a controllable

configuration, the air that must be added to the ship in order to main-

tain shape and pressure is pumped into the helium compartment. Thus a

homogeneous lifting gas mixture is maintained inside the ship and the

center of buoyancyiremains near the center of gravity. This impure gas
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is removed and a new pure helium charge is loaded into the helium com-

partment before launch.
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4.0 PARAMETRIC ANALYSIS DEVELOPMENT

Within the general concepts described, a parametric program was developed

to analyze quantitatively the relationship of the various factors towards

optimization of a final design.

The logic flow for the program is illustrated in Figure 4-I. The program

listing is attached in Appendix A. The program is well annotated with

remarks so it can be followed with some study. The principle consider-

ations incorporated in the program are discussed below.

Fabric strength is adjusted to an average of three weights distributed

over the hull to handle hoop stress as a function of radius, with a mini-

mum hull fabric unit weight of 119 gm/m 2. This is the minimum weight

practical from a manufacturing and handling point of view.

Design aerostatic lift is defined as the lift available at maximum super-

heat and superpressure (daytime). The ship is sized by the program for

the lift to match the weight. At night the loss of aerostatic lift is

compensated by generating aerodynamic lift, which impacts ship weight by

size of the primary and auxiliary propulsion systems. A limitation is

placed on the dynamic lift coefficient of 0.3 to avoid regimes where in-

duced drag would be unduly high or flow separation might occur.

The aerostatic lift calculations are based on perfect gas law relation-

ships. The internal pressure of the ship has significant effect on the

mass of gas in the ship and thus on the aerostatic lift at altitude and

is included in the calculations.
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PARAMETRIC ANALYSIS LOGIC FLOW

I P_ntout

Input Constants J

Standard Atmosphere I

Gas Properties I

Fin Opti on

Set Initial Variables

Altitude

Volumes
Winds

Veloci ties

Temperatures
Pressures
Effi ctencies
Coefft ci ents

I OptionalChanqe_gf Variables

J Compute SystemWeight

Compute DaytimeAerostati c Lift

J Lift = Weight?

Extrapolate to
New Volume

Figure 4-I PARAMETRIC ANALYSIS LOGIC FLOW
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The rectenna area is determined by the power required and includes con-

sideration of the loss of power generation as a function of the cosine

squared of the incident microwave power. The rectenna parametrics are

based on distributing the rectenna area over the bottom of the ship so

that its perimeter is at a constant angle of incidence to the microwave

beam. Figures 4-2 and 4-3 are graphical presentations of these rectenna

functions.

The program includes power losses (efficiency) for the propeller, gear-

box, power transmission wires, rectenna, and auxiliary generator. The

auxiliary engine fuel/power coefficient is included.

Hull fabric strength and weight parametrics are based on values for a

Tedlar-Kevlar composite fabric tested for the Naval Air Development Cen-

ter and reported in Reference 4.

Ballonet fabric strength and weight are based on current technological

developments in fabrics used by ILC in aerostat construction.

Propeller weight estimates varied widely. For the HI-SPOT program, a

weight parameter of 3.6 kg/kw was developed, while DSI in Appendix D,

reports 0.4 kg/kw for the HAPP. Some research disclosed Reference 5, a

Boeing Vertol empirical study of propellers for airship applications.

Data of this reference was utilized to develop the propeller weight par-

ametric as a function of airship volume and propulsion power.
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Fuel consumption rate for a turbo-charged reciprocating engine with fos-

sil fuel was adapted from the HI-SPOT program. Fuel tank weight param-

eter was developed from ILC experience in designing fabric fuel tanks.

The ship must have an auxiliary power system with on-board fuel in any

case for flight between "on-station" and the launch/landing site. A

trade-off situation arises "on-station" as to the weight of the microwave

powered propulsion system for a given speed vs. the weight of an auxil-

iary system with on-board fuel to supplement microwave power when the

wind exceeds the given velocity. Three operational scenarios were se-

lected to study this trade-off. First, the "dedicated" mode in which

microwave power alone is adequate for the highest wind expected. Second,

the "coupled" mode in which microwave power is provided up to a certain

"threshold" speed, and above that speed the ship stays on station by aug-

menting with auxiliary power. Third, a "divorced" mode in which the ship

is allowed to blow off station above "threshold" wind speed and auxiliary

power eventually bringing the ship back to station when the wind speed

decreases. The program computes for either the "dedicated mode" or the

"coupled mode" for power plant operations depending on whether or not

input "threshold speed" equals "limit speed". Preliminary study estab-

lished that the "divorced" mode was inefficient for most situations and

it was eliminated from further consideration. The number of hours that

the statistical winds blow above a specified "threshold" velocity was

derived from References 1 and 2 and is presented as a parametric graph in

Figures 4-4 and 4-5.
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Figure 4-5 presents the average of winter season wind occurrences at Wal-

lops Island, Va. and Washington, D.C., while Figure 4-4 presents the max-

imum nu_er of hours the wind will exceed a given velocity. The curve of

Figure 4-4 is based on three points for Wallops Island given Reference 2.

In Reference 2 it is found that 93 kts is the maximum wind speed on re-

cord at 20km over a 10 year period. Review of data in Reference 1 for 14

locations in the contiguous USA indicates that winds at 20 km within the

USA and not within line of sight distance (300 miles) of the northern

border will be less than 93 kts at least 99.5% of the time. 93 kts was

therefore chosen as a reasonable design point for the maximum winds to be

experienced by HAPP.

The equations of Figure 4-4 are used directly in the program to provide

the number of hours that the wind blows above a threshold velocity, thus

requiring use of the auxiliary power plant on station. Figure 4-5 was

used to derive an empirical equation for the "cube average wind" velocity

above a given threshold velocity. The "cube average wind" is the equiva-

lent wind for computing the power required over the wind spectrum at vel-

ocities above threshold. The equation for "cube average" wind is:

UK(4 ) = (((27460 - (171.37 - UK(1)) I 2) I .5) - 53.009)

Where UK(4 ) = average power wind of winds above threshold wind UK(1 ).

Wind values knots. When threshold wind equals limit wind, the time above

threshold is zero and Figures 4-4 and 4-5 do not apply.
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5.0 PAPJ_METRIC STUDY INPUTS FOR BASELINE COMPARISONS

EFFICIENCIES:

Propeller = .90

This number is developed in Figure 5-1.

With favorable/interactions between the hull and propeller, it

may be improved to.93.

Gearbox = .95 from standard practice

Primary Engine = .95 See Appendix A

Rectenna - .80 from Raytheon

Auxiliary Generator = .90 See Appendix A

Transmission Wire .98

With ribbon braid-wire thermal radiation adequately cools a 2%

power loss in the wire.

WEIGHTS:

Propeller = f (V_lume, Power). See App. A, line 3080 and Ref. 5.

Gearbox, kg/kW = .43 See Appendix D

Primary motor, kg/kW = 1.82 See Appendix D

Auxiliary Engine, kg/kW = 4.75 Developed from HI-SPOT, where the

"Block" - 1.25, Turbo Charger 1.0, and heat exchanger - 2.5.

Auxiliary Generator kg/kW = 1.1 See Appendix D

Rectenna, kg/m2 = 0.40 estimate

Water Recovery System kg/kW = 1.0 estimate

Fuel Tanks and supports kg/kW - .011 estimate for fabric tanks

Payload, kg - 680

Avionics, kg = 117.3

Ballast kg = 448.1 needed in nose for balance

Drive shaft kg/(kW m) = 0.0119 derived
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Valves - f (volume, rate of ascent, pressure difference).

See Appendix A, line 3640

Blower - f (volume, rate of descent, pressure difference).

See Appendix A, line 3620

Electric Wire = f (length, resistivity, density, voltage, power,

% loss). See Appendix B, line 3580

Hull fabric minimum, kg/m 2 - .11867 (See Section 3.0 Fabrics)

Fin surface fabric, kg/m 2 - .11867

Rib fabric, kg/m 2 - .07

Ballonet fabric, kg/m 2 - 0.085

MICROWAVE POWER DENSITY

kW/m2 - 0.50 from Raytheon.

WIND AND AIRSHIP SPEEDS, Kts

Limit - 93

Threshold - 93

Aux. only - 55

Ascent and Descent Winds - See Figure 5-2

Cubed average of wind above threshold - See Section 4.0

Hours that wind persists higher than threshold - See Section

4.0

SUPERTEMPERATURE

Superheat - + 16.7

Supercool - -17.2 Difference from ambient temperature

SAFETY FACTOR = 5
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DRAG COEFFICIENTS

Ascent, Descent = .028

At altitude = .018 for soft fins (.016 for hard fins)

Rate of ascent and descent - 150 m/min

Altitude - 20 km

POWERS

Avionics, KW = 1.13

Payload, KW - 1.0

See Appendix D

PRESSURES

Hull pressure, night, cm water = 2.5 for hull rigidity

DAY HULL PRESSURE OPTIONS

Pressure adjusts to fabric strength

Pressure as designated, fabric strength and weight adjusts, but not

less than minimum fabric weight• Baseline value: 6.35 cm water•

MISCELLANEOUS

Hull surface area -from Dolphin geometry

Fin area - See Stability discussion, Section 7.6

Aerostatic and Aerodynamic Lift - See Section 2

Helium Purity = .95 (5% air contamination) Experience

Trim ballonet volume = .05 ship's volume Estimate
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6.0

6.1

SPECIAL STUDIES

The three areas recommended for further study at the Parametric Review of

July, 1981 were:

1) Thermal effects: Prediction and control of day/night temperatures

were still under question.

2) Gusts: The magnitude of gusts which might be encountered and the

structural methods of handling these gusts had not been determined.

3) Ballonet Configuration: A satisfactory arrangement to accommodate

all flight requirements is not readily apparent.

THERMAL EFFECTS

A heat transfer analysis was developed by which thermal equilibrium for

flight conditions can be calculated. The program for this analysis is

listed in Appendix E. The analytical model is shown in Figure 6-1. As-

sociated equations are shown in Figure 6-2.

Flight performance effects which indicated a need to minimize the day/

night temperature swing are shown in Figures 6-3 and 6-4. Figure 6-5

shows a typical temperature distribution over the skin of the ship, day

and night, clear and cloudy skies. Cloudy skies cause higher tempera-

tures in the daytime because of solar reflection from cloud tops.

Analyses and experiments were conducted to determine hull skin construc-

tion which would minimize day/night thermal changes. The best construc-

tion concept is illustrated in Figure 6-6 with absorptivity/emmisivity

possibilities as low as 0.I.
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This possibility is further supported by Figure 6-7 (from Reference 6)

for 1 mil Teflon on silver with an a/e of .05/.5 = .1. Samples of metal-

lized Tedlar and Polyurethane films were procured from vendors and were

tested for radiation properties by the thermal laboratory at NASA, Lang-

ley Research Center. Informal results received to date give an a/e of

(.022/.590) = .037 for a clear Tedlar film with a silver backing. If

this figure is verified, then temperature change problems for HAPP would

become almost negligible.

In order to obtain data for verification of the analytical model and its

inputs, a high altitude balloon flight experiment was arranged. A simu-

lated airship was constructed of fabric with a 1 mil white Tedlar film,

laminated with Hytrel adhesive to a Kevlar fabric substrate. The labor-

atory thermal values for the external surface were .796 for I.R. emiss-

ivity ands.33 for solar absorbtivity. This model airship was cylindri-

cal, 4 feet long and i foot diameter, with spherical end caps. it was

instrumented with thermistors inside to measure skin temperature around a

vertical half of the perimeter every 30°, and three internal gas thermi-

stors were mounted, one, i inch from the top, a second in the center and

a third, I inch from the bottom. The model was flown on two balloon

flights, each at about 100,000 ft. altitude, one flight at night and one

flight during the day. Figure 6-8 shows the thermal model ready for

launch.

A typical set of data from the night flight is shown in Figure 6-9 in

comparison with an analytical prediction and shows good correlation of

gas temperature results. The top and bottom skin temperatures are
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brought into closer agreement if the internal top to bottom heat transfer

is reduced in the analytical model.

For the day flight, excellent correlation of analytical and flight model

gas temperatures are obtained if outside surface solar absorptivity is

Skin Hot Spot

Gas

Skin Cold Spot

set at .37 versus the laboratory value of .33.

ison data is as follows:

Analytical Model Flight Model

°C °C

21.7 27.7

13.5 13.2

5.3 3

A set of daytime compar-

For both day and night, the analytical model gives a smaller difference

of top and bottom temperatures than the flight model. However, gas tem-

perature correlation is excellent and the analytical assumption that gas

temperature is equal to the average of hottest and coldest skin temper-

atures is verified.

6.2 GUSTS AND BENDING MOMENTS

The research and evaluation of gusts and bending moments is reported in

Appendix F. The conclusions of the work are summarized as follows:

J

The gust environment for launch or landing is selected as a maximum 17 kt

gust superimposed on a steady 10 kt wind, the critical altitude being

300m (Ref. 3 and 4). Thus, launch and landing times must be chosen when

winds are within this limitation.
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6.3

The force and bending moment analyses in Appendix F indicate that in the

critical altitude regions, the combination of both static and aerodynamic

bending moments maximums can be sustained by the hull with an internal

pressure of 3.1 cm water. As will be seen later in the report, the hull

will be capable of at least 6cm water pressure.. Figures 6-10 and 6-11

present the pertinent data.

The analysis further shows that static bending moments can be sustained

with an internal pressure of 1.7 cm water. Control moments at altitude

are minimal. A minimum hull pressure of 2.5 cm of water provides satis-

factory rigidity for the quiescent stratosphere.

BALLONET CONFIGURATION

The ballonet configuration was in first concepts either too heavy or in-

adequate for control of center buoyancy. Project HI-SPOT had similar

problems and for that project it was decided to use a large 100 percent

ballonet and accept an ascent in a high nose-up position. This solution

has been adopted in HAPP. Principle of ballonet operation during ascent

is illustrated in Figure 3-2. The configuration consists of a "helium

compartment" in the top of the ship which contains the initial charge of

helium and prevents sloshing problems during ground handling and launch.

The main ballonet is a half hull shaped diaphragm which separates the

ship horizontally into two chambers. The part beneath the diaphragm is

the "air chamber" and is filled with air at launch pushing the diaphragm

up against the helium compartment and the top skin of the hull. At max-

imum altitude the helium has expanded out of the "helium compartment"

into the "helium chamber" above the diaphragm, pushing the diaphragm down
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flush against the inside bottom of the ship and against the inflated can-

opies of the payload and utility compartments.

Trim ballonets fore and aft are located in the top of the ship for fine

pitch trim during controlled flight.
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7.0 PARAMETRIC STUDY RESULTS

The parametric trends are presented in two sections. This section deals

with sensitivity of mission performance to various parameters. Appendix

E presents thermal parameter effects on gas temperature.

Figure 7-i is a printout of the airship and mission characteristics for

the "Baseline" configuration. The inputs for the baseline are those

listed in Section 5.0.

In the parametrics that follow, unless otherwise indicated, only one in-

put parameter at a time is varied with all other remaining at their base-

line value. The "Baseline" condition is shown on all graphs by a square

symbol.

Figure 7-2 indicates the adverse average affect of adding weight. The

volume of the ship is determined by the intersection of the lift and

weight curves, which in this case are for the baseline ship with volume
i

76193 m3.

Figure 7-3a shows that if the limit speed (speed never to be exceeded) is

decreased, the volume and power requirements decrease. The penalty for

decreased limit speed is an increased probability of being blown off sta-

tion.

Figure 7-3b shows the penalty for decreasing the threshold speed (speed

powered by the microwave). The additional weight of auxiliary power

plant fuel is moch greater than microwave system weight savings.
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Figure 7-3c shows rapidly increasing penalty for increase in auxiliary

capability. Fifty-five knots is chosen as baseline as a reasonable speed

to fly against wind aloft. This speed corresponds to 15 knots at sea

level which again is a reasonable minimum for landing operations. An

auxiliary engine maximum speed of 55 knots limits launch and landing days

to these on which winds aloft are sufficiently lower than 55 kts to per-

mit flight to and from station.

Figure 7-4a shows the rather severe penalty for increasing the drag co-

efficient. At CD = .028 the volume is over 100,000 m3. These penal-

ties may be alleviated by designing for a lower altitude as shown later.

Figure 7-4b shows importance of higher propeller efficiency. All power

train efficiencies have similar effectS.

Figure 7-4c gives effect of changing auxiliary engine fuel consumption

rate.

Figure 7-5a shows increasingly adverse effects of superheat/cool, which

is the day-night variation of gas temperature from ambient. When the

day-night difference increases, aerodynamic lift requirement and conse-

quent induced drag increases requiring greater primary and auxiliary pow-

er capability.

Figure 7-5b shows a sharp minimum volume and power at 6.35 cm water pres-

sure. This pressure corresponds to the pressure that can be contained by

the minimum acceptable weight fabric (118 gm/m2). Above this pressure,

fabric weight increases at a predominate rate. Below this pressure,
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fabric unit weight is constant, so aerodynamic lift and drag increase at

a predominate rate.

Figure 7-5c shows night pressure increase detracts from the superpressure

available to offset day-night temperature changes resulting in increased

aerodynamic lift and drag.

Figure 7-6a gives effect of changing payload weight. This curve applies

for any weight change.

Figure 7-6b shows the drastic effect of hull fabric unit weight. In this

parametric superpressure was increased as permitted by fabric strength

but the weight effect predominated over aerodynamic lift savings.

Figure 7-7a shows a baseline ascent-descent rate of 150 m/min optimum for

this configuration.

Figure 7-7b shows that helium purity has very significant effects. This

is an area in which improvement should be possible.

Figure 7-7c, microwave power density influences rectenna size and weight.

If two cross polarized antennas were used, the increased rectenna size

effect can be estimated on this graph by tasking 1/2 the power density x

cos 45 which equals .18 w/m 2, corresponding to a ship volume of 97000

m3•

Figure 7-8 shows Drag coefficient vs Limit Speed with volume constant.

It examines the effect of compensating for an increased drag coefficient
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by limiting the top speed. The drop in speed is more rapid than would be

expected by a CD 1/3 estimate because more auxiliary power is required

for flight off station at the higher drag coefficient.

Figure 7-9a shows limit speed effects on volume at drag coefficient .028

at 20 km. For this graph, the "threshold" speed (maximum speed on micro-

wave) is held equal to "limit" speed (the airship maximum design speed)

so that on station all power is supplied by microwave beam.

Figure 7-9b shows that by designing for 19 km altitude, the airship vol-

ume is significantly decreased as compared to the volume at 20 km. This

is a possible means of compensating in case of a high drag coefficient.

As the environmental winds figures in Section 2.0 show, at 19 km the

winds generally tend to be higher, but still manageable.

Figure 7-9c shows adverse effects on volume at 19 km and CD .028 if

threshold speed is decreased and limit speed held at 93 kts.

Figure 7-10, Parametric for 19 km and CD .028, showing significant

effects of auxiliary speed capability.

Figure 7-11. Correlates the effect of superheat/cool with volume and

power if no superpressure is utilized (day pressure = night pressure).

Above a superheat of 10° volume and power penalties became significant.

Compared with Figure 7-5, top, the small amount of superpressure provided

in the baseline noticeably benefits performance.
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8.0

8.1

CONCEPT SELECTION

The HAPP mission profile as it will be accomplished by the selected vehi-

cle is illustrated in the schematic sketch, Figure 8-1. The vehicle is

sized to stay on station indefinitely using microwave power transmitted

from the ground. The ship will fly on microwave power at speeds up to 93

kts which is the maximum wind speed encountered in the study of Reference

2. Reference i indicated a less than 5/1000 probability of higher winds

within the USA in the winter season. Thus, at 93 kt capability, 100%

coverage of the contiguous USA can be achieved with extremely low prob-

ability of being blown off station.

The airship selected has a laminar flow "Dolphin" shaped hull, volume

78000 m3, with stern propulsion and physical layout as portrayed in

Figures 8-2 thru 8-8 and Figure 3-2. This ship is the "baseline config-

uration" used for the parametric sensitivity curves. The airship and

mission features are listed in the baseline computer printout of Figure

8-g and summarized below.

i

DESCRIPTION

Volume 78000 m

Length 123.3 m

Diameter 37.8 m

Gross Weight 5631 kg

Envelope Weight 2440 kg

Power System Wt. 1771 kg

Fuel 291 kg

Payload 680 kg

Ballast 448 kg
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n_PP I_0o 20Jn82 B_4:SELIi'4E
DOL?HIR SOFT -r _" - ......

VOL ALT RECT AUXE PRL! WEVN PSWT FUEL F'I_D ,re_ST
t_t3 _M i<W IN _W KW KG KG _G :_ _,C_

77911 20 260,¢_ 57.588 192o00 2¢40,0 1771o0 291.00 080 _8.07

!.3

(°i"

(_.:

i̧•i_i

r .:,

i ,.

L:<!

!..£

[2

:.}

SUPER HEAT = 1o.7 K
CD = .018
SAFTEY FACTOR = 5
UNIT FAB WT=.IIB67 KGIM2
---WEIGHTS KGS:---

ENVELOPE WT
TAPE WT = i02o847913
FiN SYS = 209.0uo_4_
CONE WT = 47
VALVE WT = 33.2199201

POWER SYSTEM WT
PROPELLER = 301.5m6801
GEAR BOX = 78.4351439
RECTENNA = 236.7817_3
_UXE ENG = 273.547453
AVIONICS : 117,3

SUPERCOOL = -17.2 K
PROP CD = .01B_5_667
DAY PRESS (CM H20_ = _.302"
RiTE PRESS= 2,5

HUL_ = 1285,__891
BALONT SYS = 709048+238
BLOWER = 52.,._0._

S_AFT = 40.157¢82_
PRI_E'MOTOR = 349.45+007
TRANS, WiRE = 242.720a59
GENNERmTOR : 57.0130482
TANKS = i_.875477
WATER RECOVERY=57.588937_

RECTENNA AREA =5_1.954906 ANGLE OF INCIDENCE L!M!T:I_.S275151
MICROWAVE BEAM KW/M2= .5
LIFT = _630.86101KGS WEIGHT = 5_30.90987 RSS

VELOCITIES, KTS
LI_IT=93 THRESHOLD=93
AUX DEBIGR=_S CUBE AVE>THRES=92.9;'83393

ASCENT PROFILE

FOWER OFF ASCENT AF 130 M/M!N
.iME TO CLIMB TO 20 K_=2.22222222
BLOWOFF D!STARCE =283.B_0186 KM.
TIME TO AUXBACX TO STATION =2.78677038
FUEL OSED ASCENT AND AUXBAC_ =30._925577 _

ON-STATION ""'_-nY_F!LE

[HRESHOLD SPEE!: OF 93 KTS EXCEE!_ED FOR 0 HRS ./WINTER A_ POWER _VE SPSED 0¢ 93 _'S
FUEL WT = 0 KGS
SMIF' SPEED ON PRIMARY FOWER(THRESMOLD VEL):DS K_OTS:LIM!TI:_G ';EL = 03;<7S
FOR 8 MRS _ 75 KTS RESERVE FUEL WT = 87.5S51851

DSCENT F'ROFiLE
r_W_.D D=S:_RT AT 150 M,'M!N
TiME TO Z_ESCERD FROM 20 KM=2,22222222 HRS
F:JE, FOR DESCENT = 25.3£53292 _gS
AUXAW_ AT ALT TIME AND DISTANCE = +.6+311206 HRS _ND -+72,_¢o_85 ,<m
FUEL FOR AUXAWAY = 50.8044592 KGS
FUEL FOR BLOWER : 10.802829¢ _GS
7UEL FOR 8 HR LANDING : 87.5351851 _GS
FUEL USED FOR DESCENT OPS INCL 8HR L_NDING = 173.457803 _G

SUMMARY
_' 291;OTAL FUEL wT FOR M!oo,ON : ._u_¢a'_=='

TL(21) '0_ .....

FIGURE 8-8, HAPP BASELINE CHARACTERISTICS
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Maximum Speed 93 kt

Max. Speed on

on Rectenna Power 93 kt

Max. Speed on

Auxiliary Power 55 kt

Turning Radius 500 m

* at 20 km. Speeds at lower altitude decrease inversely as the

cube root of air density.

Mission Profile

Ii

2.

3.

4.

5.

6.

7.

Ascend at 150 m/min to 20 km operating altitude. (weather limited)

Fly to station on auxiliary power (284 km). (wind limited)

Stay on station on microwave power for 3 months (90% reliability).

Fly 8 hours at 55 kt on auxiliary engine reserve fuel.

Fly to descent start position (473 km). (wind limited)

Descend at 150 m/min. (weather limited)

Fly 8 hours at sea level, 15 kt. for landing operation. (weather

limited)

SPECIFICATIONS FOR COMPONENTS

Hull Material (skin):

A laminate composed of outer layer, clear Tedlar film, .025 mm

thick, weight 34 g/m 2 2nd layer, 800 angstrom thick silver, vapor

deposited on the Tedlar. 3rd layer, black Hytrel adhesive, 25 g/m 2,

4th layer Kevlar fabric, 200 denier, 40 count warp and fill, unit

weight 60 gm/m2 Total unit weight of material, 119 g/m 2
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Envelope Materials:

Tensile = 455 N/cm

Tongue Tear = 222 N

Helium permeability = 1.0 (I/m2/day)

Solar absorptivity = .12 and infrared emmissivity = .80

The silver layer backed by the black Hytrel provides complete UV

protection to the Kevlar.

The Tedlar has poor adhesive bonding characteristics. Structural

bonds will be on the inside.

Hull Surface Smoothness Requirement: Aft of nose stagnation area to 60%

of hull length,

h
_-_-- < 2.147 x 10-3 m1/2

h = Wave amplitude

= Wavelength

Step height 1.3 mm

Ballonet Material:

Polyester scrim fabric, polyurethane coating

Unit weight 85 g/cm 2

Helium permeability 1.0 (I/m2/day)

Fin Fabric:

Same as hull fabric.

Propeller:

3 Blades; blade chord Imeter; blade length 11 meters, controllable

pitch; cruise RPM about 100. Weight: 297 kg. Gimbal hub, max swiv-

el angle 22 1/2° from ship axis.
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Primary Propulsion:

4 electric motors, samarium - cobalt magnet construction, 250

volts, each 52 kw output power. (See Appendix C)

Weight each: 86 kg.

Gear Box:

Planetary gear, clutch to each motor (See Appendix B for detail)

Weight: 77 kg.

Drive Shaft:

Length 19 M, composite tube construction, diameter 25 cm, telescop-

ing secton for length changes. Weight: 39 kg.

Auxiliary Engine:

Supercharged Reciprocating Engine, Fossil fuel, shaft power 56 kw,

Weight: 268 kg.

Fuel Tanks:

Coated fabric (Kevlar Polyurethane) Flexible tanks, Weight: 17 kg.

Capacity: 500 Liters

Water Recovery System:

Condenser, super-insulated 350 Liter tank Weight: 56 kg.

Auxiliary Generator Driven by Auxiliary Engine:

Samarium cobalt magnet construction Output power 51 kw at 250 V.

Weight: 56 kg.

Power Transmission Wire:

Braided copper ribbon, not insulated, maximizing surface area for

heat dissipation, mounted on inside surface of hull, 2 conductors.

Resistance power less than 2%. Weight: 235 Kg. (Aluminum, if suit-

able, will be lighter)

93



E-:

_:.T,

I ¸
L .-

["_'i

)?'2

,,#,

i"T

i:i

Ft_

)..

{'L'.

8.3

Rectenna:

Area: 451 m2 Sandwich construction - Foreplane 2 1/2 cm Foam

spacer, reflecting plane.

Weight: 181 kg.

Avionics:

(See Appendix C for details).

Six fold redundancy with Military rated components, system relia-

bility 99%

Functions:

Air data system generates flight control data and signals.

Sensors: Heading, Dynamic PressUre, Static Pressure, Temperature, Helium

Pressure, Ballonet Pressures, Tail Pressure, VOR-DME Position, Loran Po-

sition, Inertial System, Pitch Angle, Pitch and Yaw Rates, Propeller Gim-

bal Angle, Propeller RPM, Data Link to Ground, Command Link to Ground.

Airborne Flight Control System:

Automated response to data system commands, with command override from

ground.

ALTERNATE DESIGNS

Two alternate designs are listed here, (1) for geographic areas or summer

conditions where maximum winds are low, and (2) a contingency design for

drag coefficient of .028.

Alternate (#1)

As seen in the wind profile data of Section 2, Figures 2-1 and 2-2, many

cases can be covered with a limit speed of 75 kts. Features of a ship

with 75 kt limit speed would be:
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Altitude 20 km

Volume 67056 m3

Length 123.5 m

Diameter 36.0 m

Gross Weight 4841 kg

Max Speed 75 kts

Max Speed on

Rectenna Power 75 kts

Max Speed on

Auxiliary Power 55 kts

Details are shown in Figure 8-9.

Alternate (#2)

Should future drag studies show that a drag coefficient of .018 cannot be

obtained and .028 is realistic, some sacrifice of operating capability

can still result in a reasonably small and useful ship. This design

would have an altitude of 19 km and a maximum speed of 75 kts.

Its features would be:

Altitude

Volume

Length

Diameter

Gross Weight

Max Speed

Max Speed on

Rectenna Power

Max Speed on

Auxiliary Power

19 km

69684 m3

125.1 m

36.5 m

5906 kg

75 kt

75 kt

55

Details are shown in Figure 8-10.

kt
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HAPP 1906 20JN82 ALTERNATE #1

JOL.:'HIa SC_FT FENS 31AUG82

v_]L _LF RECT AUXE PRLI _E_PN kSwl" FbEL .:i_.L_ SLUr
M t3 _<M I<W IN. KC, KW XG Ki._ r,'3 _G ;:,G

o7056 20 I..,,9_ 50,$0_ 73,_z7 _°In.O 12_0,0 z_6,0O o80 ÷._9,v;
' 50% 28% ._%

w -

i: •

iff;
r, .'_

!z;-R

!::.

[:'2 .

v,.:7

E:_

,.-:;

,v

b C

E::

F_

h-,C

ELi

[i'!
f:[

i-,:;4

C.._

_UF'ER HEAT = _o.7 K
gO = .018
_FTEY FACTOR = S
uNIT FAB WT=,Z1867 ,_"_'_
---WEIGHTS .......

ENVELOF'E WT
TAF'E WT = 93,05821a6
FIN SYS = 189,157075
CONE WT = _7
VALVE WT = 27.885m244

POWER SYSTEM WT
PROPELLER = 219.95_956
GEAR BOX = 38.12¢2515
RECTENNA = 116.336405
A_XE EflG = 239,896,72
AVIONICS = 117,3

RECTENRA AREA =290,836012
MICROWAVE BEAM RW/M2= .S
_IFT = ¢840.58567 KGS

VELOCITIES, KTS
_, rl-7_L_M_T=.TS THREaHOL_-L_

S_;pERrnO ' = -J.7o2 X
PROP CD = .vl8 ._o..,_8o
D_Y PRESS (CM H20) = 6.o2p
MITE PRESS= 2_5

HULL = 11_3.22771
BALOI_T SFS = 6,I,8o9763
B_O_Er, = 47.7072366

SHAFT = I:B.5667859
FRIME inOTOR = !6'P.855906
TRANS. uv-,c '_t..,_ = ,..i, iJ2'..aTi
GENNERATOR = 49.99_¢7S3
TANKS = 14,825_597
W_TER :RECOVERY=50,5'345205

ANGLE OF iNC,u=,_ _.._.T=.J,7_03£S2

WEIGHT = mB40,55787 KGS

AUX DESIGN=S5 CUBE AVE::;.THRES=81.7976138
COMMENT ALTERNATE #I LIMIT 7SKT=THRESHOLD

ALTITUDE 2OKM

aSCENT PROFILE

POWER OFF ASCENT AT i50 M/MIR
TIME TO C_IMB TO 20 KM=2.22222222
BLOWOFF DISTANCE =28_.8&018_ KM.
TIME TO AUXBACK TO STATION =2,7867703B
FUEL uSED ASCENT AND AUXBACX =26.7_!4554 K_

ON-STATION F_UF_

THRESHOLD SPEED OF 75 _TS E:(CEEDEZ_ F,_ 0 H_'S _ .... AT -"
FUEL WT = 0 KGS
SHIP SPEED ON F'RIM_RY _,,_tr,_c_,THRESHOLD VEL'- _ KNOTS)-7_, ., r. ,_.._ _,C! .....

FOR 8 HRS _ 7S KTS RESERVE FUEL WT : 76.7_68.711

DSCENT FROFiLE
FOWERED DESCENT AT 130 M/MIN
TIME TO DESCEND FROM 20 KM:2.22222222 H[S
FUEL FOR DESCENT = 2!.3241309 K_S
AUXAWAY AT ALT TIhE AND DZSTANCE = 4,a3939333 HRS _D-+.r4.o05_9.+ _
FUEL FOR AUXAWAY : 44.7108809 KGS
FUEL FOR BLOWER : 9,77_54978 KGS
FUEL FOR 8 HR L_NDING = 76.766871z KSS
FUEL USED FOR DESCENT OPS INCL 8HR LANDING = 152,57_433 _G

TOTAL FUEL WT gOR MISSION = 256.084759

m_m$__$_+_m_$_$m$_*_*_$_÷_m$$_*_÷_÷*_m_m__**'m+_m

" '2 09_417797;k( ;=_

ALTERNATE DESIGN (1)

20 Km MAX SPEED 75 KTS

FIGURE 8-9
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HAPP 1906 20JN82 ALTERNATE #2

_OL;:'_I,'i SOFT FI'4S 31AUG82

VOL A;._T RZCT AuXE F'RLI WEVN F'SWT FiJEL F';_ii _.LS:

o96a+ i9 ".-'_4,31 9,3°4¢0 i,'4-",53 _.,_7,.,o0"'_c, _.'-3,.,,""_-_.0 ,41,,'_",,_ 080 4.4d,- ,v""
+2% ......_., ,.. 3%

:, ::_

:{,"

;L,

r_'t

•7, S

r .

i?i_ J

:t_X

}:;Ci

rT'-)

_3'."

:,,_i ¸

i?Ji

rJ,_

.i.,

!.2

[;,'

SUPER _EAT : 10.7 K
CD : .v28
SAFTEY FACTOR : 5
UNIT FAB WT:.118o7 KG/M2

ENVELOPE WT
TAPE WT = 95,47397_4
FIN SiS = 194.067529
CONE WT = _7
VALVE WT = 29.1645486

F'OWER SYSTEM WT
PROPELLER = 27_,1941%
GEAR BOX = ..... _'_
RECTENNA = 213,0_0809
AUXE ENG : +29.59¢349
AVIONICS = 117.3

RECTENNA AREA =532oS27022
_ICROWAVE BEA_ KW/M2= o5
_I_T = 590_,17452 KGS

VELOCITIEB, KTS
LIMIT=75 THRESHOLD=75

SUPERCOOL = -17°2
FROP CZ} = ,02916eZ174
DAY PRESS (CM H2O) = o.S4I
_ITZ PRESS=,2o5

HULL : 1193 _7_

BLOWER = _8.9_57004

SHAFT = 34.7666972
PRi_E MOTOR = 3!4,009087
TRANS. WIRE = 39_°037857
GENNERATOR : 89.536506+
TANKS : 25.5210973
W_TER.RECOVERY:?O,÷¢O_!$6

A_.G_E OF INCI_.,E,,,CcL:M!T:tO.20700IO

WEIGMT = 5906.16S78 _S

AUK DESIGn:S5 CUBE AVE>THRES=Oz,7_7_I38
COMMENT ALTERNATE #2 ALTITUDE=IgKM CD=.028

LIMIT SPD:75KT:THRESHOLD SPD

A_CENT PROFILE

TOWER OFF ASCENT AT ZSO M/MIN
TIME TO CLIMB TO 19 KM:2.1111111!
BLOWOFF DISTANCE :277.069834 KM°
TIME TO AUXBACK TO STATION :2.72010675
FUEL USED ASCENT AND AUXBACX =46.7_16975 K_

ON-STATION PROF!LZ

THRESHOLD SPEED OF 75 KTS EXCEEZ_ED FOR 0 HRS /UINTER AT FOWER _cE S_'EE] OF 9£,.;'_7=_38 KTE
FUEL WT : 0 KGS
SHIP SPEED ON F'RIMART POWER(THREShOLD VEL):75 _NOTSILImlTING VEL = 75<TS
FOR 8 HRS _ 75 KTS RESERVE FUEL WT : !37.4701_2

Z_SCE_T PROFILE
TOWERED DESCENT AT 150 M/MIN
TIHE TO DESCEND FROM 19 KM:2,1111!II_ HRS
F_EL FOR DESCENT = 3o._/6_o_ _S
AUXAWA"f AT ALT TIME AND DISTANCE : +._o/_ov_ ....
FUEL FOR AUXAWAY : 73,3331346 K_S
FUEL FOR BLOWER = 9.52687911 NSS
FUEL FOR 8 HR LANDING : 137.m70172 KGS

SUMMARY
TOTAL FUEL WT FOR MISSION : 4_0,818953
$$_m_m_mmm_mm_mm$m_m_m_mm_*_m_*_m*_**__*m_m_*m_+__:_'_

ALTERNATE DESIGN (2)

19 km MAX SPEED 75 KT

CD = .028

FIGURE 8-10
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g.o SYSTEM RELIABILITY PREDICTIONS

Reliability details of the HAPP airship system are addressed in Appendix D,

a report compiled by DSI. While estimation of the probability of failure

of the avionics system relies on past experience and testing, powerplant

and airframe probabilities are intuitive estimates.

The uncertainty in propulsion reliability is forced by the untested techno-

logy of the system. Endurance testing or field use of another system with

similar components can be used to establish a data base for more precise

failure predictions. Likewise there is no data base for this type airframe

with new technology materials. Avionic systems similar to that required

for HAPP are in widespread use in the aerospace industry, leaving little

doubt to the credibility of that area of prediction.

Design for reliability must be supported by extensive testing. In these

estimates and the accompanying cost estimates, moderate testing has been

assumed and does not, for example, approach that required for spacecraft

components.

/

The report shows a reliability estimate for the whole avionics system of

0.8997 over a 3 month operational period. Figure 3 of Appendix D shows

that for the most part, triple redundancy is used to achieve that level of

success. Table 3 of Appendix,D indicates a high failure rate of the air-

borne data link can be expected. Where four of these units have been used

to increase data link reliability to 93%, a group of six would raise the

probability of success above 99%. Such a modification would improve the

avionics reliability to 0.9708. Figures 9-1, 9-2 and 9-3 summarize the

reliability data with the above revisions.
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The report in Appendix D bases a total system reliability on an airframe

failure rate of 10 per i million operational hours and a propulsion relia-

bility estimate of 0.9303. Coupled with an avionics reliability of 0.9076,

a success rate of 0.8351 can be anticipated. For the avionics system with

added redundancy in the airborne data link, a much higher total system suc-

cess rate of 0.8993 can be expected during three months of operation.
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I0.0 HAPP OPERATING PROCEDURES

FLIGHT PREPARATIONS

Inflation sequence for the airship is outlined in Figure 10-1. After the

ship is inflated and secured to the mooring dolly, the rectenna is in-

stalled after inflation. The mooring cradles will be designed so that the

rectenna area is accessible.

Systems checkoutswill include the following:

I. Inflated components leak inspection and tests.

3.

.

5.

The leakage tolerances

will be very tight and it is expected that after inspection, a week

long instrumented pressure holding test will be necessary to assure

adequate gas tightness.

Rectenna inspection and electrical test.

Propulsion system tests including several hours of full power running

on primary motors and an auxiliary engine system.

Avionics system tests.

Mechanical components tests - valves, blowers, air distribution sys-

tem.

When the in-hangar tests are complete, the system is moved to the launch

site, as depicted in Figure 10-2. Fins are inflated, and final preflight

checks completed. Telementry and command links with the control station

are established. Flight advisories are issued and flight clearance ar-

ranged with the appropriate authorities. The auxiliary engine will be

started and idled throughout ascent.
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10.2

I0.3

LAUNCH

Launch is accomplished as indicated in Figure 10-3.

At launch, the balloon is inflated with air filling the air chamber and he-

lium in the helium containment tube. Helium has been metered to give a

theoretical 10% free lift. During ground handling, the outlet valve to the

helium tube is locked to prevent inadvertent transfer into the helium cham-

ber. Prior to launch, the helium tube valve to the air chamber is unlocked.

The balloon is trimmed to equilibrium condition with 5° nose up attitude

prior to launch. External ballast is carried as necessary to balance the

free lift. At launch, external ballast is dropped from the CG location to

give approximately I% measured free lift and the hold down straps are re-

leased. Ascent velocity is controlled by monitoring internal pressure.

The main ballonet valves release air according to a controlled rate based

on a schedule of envelope pressures, If the internal pressure of the hull

is higher than scheduled, helium flow from the helium tube will be re-

stricted, thus pressurizing the helium tube, but decreasing the aerostatic

lift as the ship ascends higher. If the helium tube exceeds its limiting

pressure, helium will be vented to the atmosphere. If the hull pressure is

too low indicating a low rate of ascent, external ballast will be dropped

as needed. Ascent proceeds as sketched in Figure 10-4.

CEILING APPROACH

As the ship approaches flight altitude, it will rotate towards a horizontal

attitude. The altimeter transducer will activate filling of the aft trim

ba_lonet at 2 kilometers, the purpose being to have a controlled amount of

air left in the ship for trimming when float altitude is reached. Ap-

proaching the pressure ceiling will be indicated by a rise in hull gauge
?

•pressure.
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The pressure in the ship will be allowed to rise to its limiting pressure

of 6.35 centimeters water, at which time the main ballonet should be empty

and the helium valves will be opened as needed to avoid overpressure. When

the ship ascent has ceased, remaining external ballast is jettisoned and

propulsion will be activated, which will also activate the trim system and

air will be transferred between trim ballonets as needed to achieve a zero

angle of attack.

OPERATION AT ALTITUDE

After flight control has been established, the ship will fly at 55 knots

airspeed on it auxiliary engine and navigate to the microwave beam. Once

microwave power is available, the auxiliary engine will be shut off and the

ship will fly entirely on microwave power for the on-station mission

duration.

The HAPP ship will fly at aerostatic equilibrium (zero angle of attack)

during the day at its maximum internal pressure (6.35 cm water). At night,

as the helium cools, pressure will be allowed to drop to 2.5 cm water, and

cooling beyond that point will require aerodynamic lift (about 500 Kg).

Gimballing of the propeller will provide a temporary means of maintaining

trim, backed up by transfer of air between trim ballonets which are used to

bring the propeller gimbal angle back to zero for best trim efficiency.

An air density sensor (pressure and temperature) will detect changes from

the desired altitude and, through a control loop with the propeller gimbal

and the trim ballonet transfer pump, adjust the angle of attack to maintain

the ship at its proper altitude. During daytime the desired angle of at-
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tack is zero and a prolonged deviation from this indicates a departure from

aerostatic equilibrium which would be corrected by valving helium or drop-

ping ballast as needed.

Trim forces at night will be influenced _y the pitching moment of the aero-

dynamic lift, and the control loop would operate to balance this out with

the trim ballonets.

CHANGE OF ALTITUDE DURING CRUISE

Ascent

The ship can ascend only when air is available in a ballonet. To ascend,

the nose is pitched up by gimballing the propeller and air is vented from

the ballonet maintaining pressure greater than minimum. When the new alti-

tude is reached, free lift is adjusted to zero by adjusting super pressure

with ballonet pressure controls. If super pressure equilibrium is less

than minimum, aerodynamic lift will be needed until heat transfer from am-

bient air into the ship compensates for the adiabatic gas cooling during

ascent.

Descent

To descend, superpressure is increased by pumping air into the main ball-

onet chamber which gives negative free lift and the ship will sink. If the

superpressure margin is not available (as it may not be during daytime when

the ship is warm) the ship is pitched down with the propeller and the ship

is motored downward maintaining super pressure as it goes. When the de-

sired altitude is reached, superpressure is adjusted to give zero free

l:ift. If this is higher than super pressure limits, negative aerodynamic
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lift is used until heat transfer from outside cools the ship to a zero lift

condition.

DESCENT FOR LANDING

Upon completion of the on-station mission, the ship will fly at 55 kts

airspeed, on auxiliary engine power to thecalculated position for

commmencement of the descent.

In the final descent mode, a negative free lift is obtained by.increasing

superpressure of theship by first pumping air into the main ballonet and

trim ballonets. The ship is also pitched down so propulsion will further

force downward travel. When the main ballonet is 5% full and the trim bal-

lonet is 50% full, they are thereafter maintained at that level of fullness

and excess air requirement is met by blowing air into the helium chamber.

This procedure avoids center of buoyancy movement problems and yet provides

ballonet air for altitude maneuvering in the landing approach. At 5 kilom-

eters and lower, the super pressure will be maintained at not less than 6

centimeters of water to provide rigidity to resist gusts. When landing

approach altitude is reached, the ship levels off and is adjusted to zero

angle of attack with trim ballonets. Over the landing field the nose line

is dropped. The ship is restrained by the nose line and allowed to wea-

thervane until the mooring mast and dolly are brought into position beneath

it. The nose line pulls the nose into the mooring cone while lines from

line-throwing guns position straps over the hull and secure it to the cra-

dles and the dolly. Difficulty of the landing maneuver will chiefly be a

function of gustiners regardless of wind speed. The practical limits have

not been addressed in this study.
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NOTE: In so far as possible, the ship control will be programmed to

respond to basic commands such as:

1. Change altitude to altitude X.

2. Proceed to latitude X longitude X.

3. Make final descent.

All functions will, however, have remote command override for direct con-

trol from the ground in case of malfunction. All sensor outputs will be

telemetered to the ground for ground monitoring to detect malfunctions in

control.

EQUIPMENT AND PERSONNEL

It is estimated that a permanent crew of 30 persons will be needed for HAPP

operations. Twenty crewmen would be needed for flight preparation, launch,

and recovery. Since an abort condition could result in an unscheduled

landing on 2 hours notice, 20 men would always be on standby. During nor-

mal flight, a crew of three would be needed on watch; one monitor, one

emergency control assistant, and one emergency crew coordinator.

SAFETY AND FAA REGULATIONS

The safety aspects fall in three categories: Crew safety, public on the

ground safety, and airspace safety.

Crew safety would be a matter of internal control and no undue problems are

anticipated. Normal industrial safety practices should suffice, which would

include safety instruction for the crew on special aspects, such as not

hanging onto lines as the airship ascends.
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Public ground safetY is of concern if the ship makes an uncontrolled land-

ing, but the actual hazard is relatively minor. Because of the low density

of the ship and its soft construction impact damage to buildings, etc.,

would generally be minor. The inert characteristics of helium avoids fire

and toxic problems in case of its release, and further, since helium rises

when released, even a massive release would not pose any suffocation threat

to people on the ground.

Airspace hazard could be great, and must be avoided by proper coordination

with FAA air traffic control procedures. Federal Aviation Regulation Part

91 would apply, however, the HAPP vehicle because of its unmanned character

and unusual operation would need special arrangements made by "waivers" to

normal regulatory requirements.
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DEVELOPMENT PLAN

The development plan recommended as a result of the Phase I study will con-

sist of the following steps: 1 - Complete Phase II of this contract (proof

of concept model design definition); 2 - Build and flight test a proof-of-

concept; 3 - Conduct wind tunnel tests of needed; 4 - Build and flight test

a full scale HAPP. Each step is discussed in the following procedures.

PHASE II (EXISTING CONTRACT)

Phase II calls for a proof-of-concept model design. It was originally

thought that this vehicle would be a small (3 - 1OK cubic foot) vehicle and

fly to some low altitude (3 - 5K ft.). In the course of the study, it be-

came apparent that this type of model would not be very useful as a learn-

ing or proof-of-concept tool since it would not demonstrate the extremely

large ballonet concept and its impact on ascent/descent/recovery, nor dup-

licate the full scale HAPP Reynolds Number.

It is generally agreed that the HAPP vehicle proof of concept will not be

accomplished until a vehicle is sent to altitude where these critical dem-

onstrations can be achieved. With this in mind, it is necessary to define

the steps, after the completion of Phase I that need to be followed in a

logical proof of concept program. A multiple stepped program with each

vehicle designed to demonstrate increasingly more system factors rather

than a single full scale prototype step will provide a sound engineering

program approach.

With this philosophy, the proof of concept model is a much larger, much

higher fidelity vehicle than originally contemplated. Thus, Phase II of
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the existing contract will serve to define the size, configuration, and

mission of the proof of concept model.

FIRST DEMONSTRATION VEHICLE

First Flight Test

The HAPP mission will gain its first real step toward demonstration when a

vehicle is launched, deployed to altitude and then recovered. The main

objectives of this first test vehicle would be to demonstrate the inflation

procedures, verify that an inflated ship can "fly" up through the high wind

layers, that the ballonet concept is sound, and then return to verify the

recovery sequence. This vehicle would use the actual hull materials and

configuration anticipated for a full-scale vehicle to permit early real

time field verification of the HAPP envelope design and manufacturing tech-

niques.

In order to minimize vehicle size and at the same time keep costs to a min-

imum, this vehicle would carry only an auxiliary power system, no thin film

rectenna or prime power systems would be used. In addition, the station

keeping avionics would be greatly simplified and many multiple redundancy

features would be eliminated.

Microwave power transmission should be demonstrated on this flight. At

some altitude during ascent (dependent upon unit available) microwave power

should be transmitted to the balloon and received as evidence by some posi-

tive monitor, (power recorder).

It is suggested that this model should have a dummy rectenna to simulate

the surface perturbation caused by the rectenna. This could be
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accomplished by fabricating a foam/mylar sandwich to simulate the rectenna

and attach the panels to the balloon in the proposed fashion.

Time on station would be minimum on this first flight; in addition, the

flight would be scheduled for favorable ascent/descent winds to minimize

fuel consumption. All procedures on this first flight will be true simu-

lations of subsequent flights so all data is directly applicable through

size correlations.

Second Flight Test

The first flight of the demonstration vehicle will serve to test the me-

chanical and aerostatic characteristics of the HAPP concept. A second test

flight of this vehicle would be an extremely useful tool for obtaining

nearly full scale aerodynamic data which would be extremely costly and sub-

ject to great debate over validity if obtained in the wind tunnel. It is

proposed that after the first flight successfully demonstrates the vehicle

and mission concept, the airship be retrofitted and extensively instru-

mented to permit a second flight for the purpose of gathering large scale

model aerodynamic data.

Accurate lift and drag vs. angle of attack, effects of rectenna surface,

effects of rectenna heating, and control and stability feedback parameters

are all examples of data which could be accurately obtained from this sec-

ond flight and be incorporated into the detailed design of the prototype

HAPP.
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The demonstration vehicle will serve to verify the HAPP concept and will

provide the test bed for the accumulation and proofing of aerodynamic data

and concepts for large laminar flow bodies.

WIND TUNNEL MODEL

Depending upon the actual performance of the test vehicle, it may be desir-

able to use wind tunnel data to optimize the vehicle geometry prior to full

scale design of the HAPP prototype. This would include a small amount of

computer optimization of the hull shape, fin sizing, etc., followed by wind

tunnel verification. If the demonstration vehicle performs well and its

performance predictions are in accord with those anticipated, then this

program step could be waived.

PROTOTYPE HAPP

The prototype HAPP, powered by ground based microwave power would be de-

signed, fabricated and flown as the next program step. This vehicle would

be the full configuration with regard to size, weight, power components,

guidance, etc.

This vehicle would be a "full-up" prototype with design capability for a

three month duration. This vehicle is a prototype and would use prototype

tooling for manufacture of some of its components. Full production tooling

and manufacturing facilities are not justified for a single vehicle in such

a phased demonstration program.

SUMMARY

This four step program will provide a sound engineering approach towards

implementing the HAPP concept. The proposed program using four steps with
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each step demonstrating different and increasingly more complex systems and

characteristics is an extension of sound cost effective development philos-

ophies.

An outline summary of the significant advancements to be made with each

step is given below:

I. Phase II (Existing Contract)

a. Define size and mission of "Bare Bones" Demonstration Vehicle

b. Provide a descriptive list of airship components.

2. Demonstration Vehicle (subscale, Proof-of-Concept Model), Follow-on

Contract.

a. First Flight, Bare

1. Demonstrate materials

2. Demonstrate manufacturing techniques

3. Demonstrate vehicle concept, ballonet concept

4. Demonstrate operations (launch, ascent, descent, recovery)

b. Second Flight, Instrumented

i. Demonstrate propeller design criteria

2. Verify aerodynamic predictions

3. Verify control predictions

3. Wind Tunnel Option

a. Optimize vehicle shape 'to enhance aerodynamics

b. Optimize empennage sizing to enhance stability and control

4. Full Scale Prototype Vehicle

a. Demonstrate full scale operations (launch, ascent, descent, re-

covery)

b. Demonstrate prime propulsion system
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d.

e.

f.

g.

h.

j.

Demonstrate full scale auxiliary power system

Demonstrate rectenna, power conversion at altitude

Demonstrate coupling of prime/auxiliary power

Demonstrate navigation and avionics system

Demonstrate mission duration

Demonstrate all full scale weight and power requirements

Demonstrate tracking capability of full scale rectenna ground

station

The recommended schedules for items 2 through 4 above appear on the follow-

ing pages.
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12.0 COST ESTIMATE

Demonstration Vehicle

It has been proposed in the Development Plan, that a large demonstration

vehicle preceed the full scale HAPP prototype. This vehicle, although it

will represent a significant program cost in itself to design, manufacture

and conduct flight tests, will still represent a relatively low cost to

verify the most critical operational HAPP vehicle performance questions.

Many of the design areas such as materials, patterning, construction tech-

niques, ballonet configuration, launch/recovery techniques, propeller de-

sign, blower/valve design, and aerodynamics can all be determined on this

vehicle. Phase II of this contract will address this vehicle in more de-

tail in an effort to define its size, component selection and suggest mis-

sion scenarios. A cost estimate for this vehicle and its development and

flight test program will be provided in the Phase II report.

Prototype Vehicle

After a successful demonstration program, the HAPP development would pro-

ceed to the detailed design, fabrication, and flight test of a full scale

HAPP prototype. An effort has been made to estimate the cost of such a

program. The estimate presented herein is based on the type of serial pro-

gram outlined in the Development Plan.

The basic guidelines assumed in this estimate are as follows:

a. This HAPP Prototype would follow the successful completion of a large

scale demonstration program. (A twenty-six month demonstration pro-

gram assumed).

b. The use of a GFE hangar facility and vehicle support is assumed.
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All costs are calculated in 1983 dollars.

A twenty-nine month prototype program is assumed.

The major cost areas considered in such a program are discussed below:

12.1 PROGRAM MANAGEMENT $890K

This cost element includes one full time Program Manager, one Chief Engin-

eer, and two full time schedule/costing specialists to run the overall pro-

gram and coordinate all program activities, meet report requirements, en-

sure schedules are met, etc. (Twenty nine months of activity).

12.2 OPTIONAL WIND TUNNEL MODEL $125K

This program would include a computer optimization of shape and empennage

followed by a wind tunnel verification of the effects of the changes. The

basic input data for this activity would come from the data obtained on the

second "instrumented" flight test of the demonstrator. A GFE wind tunnel

with support personnel is assumed.

12.3 DESIGN $7,380K

The design of the f_ll scale HAPP prototype will, in some areas (such as

softgoods design, patterns, procedures) be extrapolations of designs deve-

loped on the demonstrator. In other areas new developments totally unre-

lated to the demonstration will be required (such as electric motor, rec-

tenna, electrical interface, automatic guidance).

The design topics considered in this task are listed below:

1. Materials (potential minor changes from demonstrator)

2. Manufacturing techniques (potential minor changes from demonstrator)
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4.

5.

6.

7.

B.

9.

10.

11.

12.

13.

Envelope Design (extrapolations, possible change from wind tunnel test)

Fin Design (extrapolations, possible change from wind tunnel test)

Ballonet Design (extrapolation)

Propulsion Motors (new)

Avionics (expanded, new guidance system)

Manufacturing Procedures (Table of Operations, formal)

Miscellaneous Hardware, Nose Mooring, Payload Skids, (scale up, some

changes)

Pressure Control System (scale up)

Propeller/Hub Design (new)

Flight Procedures/Ground Handling, Equipment (scale Up)

Auxiliary Power System (New)

12.4 FABRICATION $6,649K

This topic includes the manufacture and integration of the following equip-

ment/subassemblies:

1. Softgoods

a. Hull

b. Empennage

c. Ballonets

2. Hardware

ai

b.

C.

d.

e,

f.

g.

Air supply, blower, valves, plenums

Gas and air vent valves

Moving hardware

Payload skids

Engines

Gearbox

Propeller
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h.

i.

j.

k.

L.

Thrust Gimbal

Mounting hardware

Avionics/guidance

Auxiliary power

Rectenna interface

Ground Mooring System.

INFLATION/CHECKOUT $88K

A one month inflation checkout is assumed. During this time the HAPP would

be inflated, leak checked, fitted with all subsystems, fitted with rectenna,

and subjected to systems checkout.
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Seven engineers and three technicians are assumed. Handling specialists

are not included, it is assumed that these can be locally obtained for un-

packing and inflation of the aerostat.

FLIGHT TEST $696K*

A three month test flight program is assumed. During this period, it is

assumed that the contractor would provide a Flight Controller, a Flight

Test Engineer and an Electronic Engineer 24 hours per day, 7 days per week.

Ground Handlers would have to be available throughout the test program in

the event an unscheduled recovery was required. It is assumed that twenty

people would be desired for this. A crew of thirty handlers is suggested

with ten on each shift and ten of the remaining twenty on call at all times.

*Nominal environment flight test, certification flights could add $1,500K

additional.
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It is proposed that rather than a full three month flight at altitude, it

may be desirable to fly only two months and use the third month for several

launch/recovery sequences to improve and refine ascent/descent/recovery

procedures.

FINAL REPORT 66K

A final report discussing the vehicles predicted performance and its actual

performance during the tests. Included would be reports on the softgoods

envelope, aerodynamics, rectenna performance, flight control, launch/recov-

ery, refurbishment requirements, and future recommendations.

TOTAL PROGRAM COST ESTIMATE $15,894K

Plus GFE:

Rectenna

Ground Power

Test Facilities

Wind Tunnel and Support Personnel

Helium, Vehicles, Equipment for Flight Tests
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13.1

PROGRAM RISK AREAS AND CONCLUSIONS

RISK AREAS

The risk areas identified for this development are as follows:

a. Aerodynamics: The achievement of significant laminar flow on a large

airship hull has not be demonstrated. In the Reynolds number regime

of HAPP, it is theoretically achievable. Reduction to practice, how-

ever, is a risk area. Failure to achieve laminar flow degrades per-

formance but still would permit useful missions.

b. Materials: Laboratory results indicate Kevlar fabric and low absorp-

tivity/emmisivity thermal constructions are achievable. Reduction to

practice in a large vehicle has yet to be demonstrated.

c. Electric Motors: Samarium-cobolt motors and generators offer a

"breakthrough" in weight to power ratios which make the HAPP concept

acceptable. The technology is continuing to change and improve rapid-

ly, however, practical problems of their application in the design is

yet to be determined.

d. Auxiliary Engine: A reciprocating internal combustion, supercharged

engine has been selected for restart capability and fuel efficiency.

This is an innovative extrapolation of current technology and as such

carries risk.

e. Rectenna Operation: Practical factors associated with rectenna in-

stallation and operation are surmised to be not severe, but are un-

known until some experience is gained.

f. Reliability: Reliability estimates in this report have been estimated

assuming failure rates which might be associated with hardware devel-

oped for airplane industry. The reliability to be achieved for HAPP

will be a tradeoff with the cost of the reliability program.
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13.2 CONCLUSIONS

a. With moderate extrapolation of current technological practices an air-

ship to perform the HAPP mission is feasible, and the design features

have been defined.

b. There are special mission cases for this vehicle which could result in

a smaller or less refined design, however, this study was aimed at a

single vehicle capable of operation over the entire continental United

States. The selected configuration is such a vehicle.
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1_0 k-'(9)= .46,)_:W(10) : .+l_J:_ll) = ,36'i80
170 k'(12) : JJI9+:K(13) : ,2/_i_0:1((1_)= ,227_
1[10[((15) : .19_:1_(16) : .1b&_7:1((17): .14_
190 _18) : .12J_:1((1?) : .10400
200 _) = 8.8910E- 2:k'(21) = 7.57151£- 2
210 _22) = 3.80_$E- 2'k'(_) = 3.67_f. - 2:1,X24)= 3..5_1E - 2
,_ TE(16) = _6._:TE(17) = 216._;TE(18) = 216,_;TE(19) = 216._:TE(20) = 216.&_:TE(_; = 217._:TE(_ = ";b.5

,:TE(23)• ._lg.:_7:Tl:(2k'_= _-_'_0._

240 P'l'_ lO
H'_ I0

270 LlS'I 260: I_I_T : I_INT : HtlHT'TO CH_. _ ]_IE Z_ESET_,_J_E, _'
280 I-ORI=I_'X-I t 2:_:XT :X=O
290 HOHE: W_ _: liT_ 4: _INT "IFYOU_E _XI_ CHANGESI-'kO_THE"
300 HIAB_: l.'1(IIfI''I_ASE].INE& WOUIJ)L/RE TO_VE THEH'
_10 HTAI_,;: M(INT'_TEI_ YOU_ T_ L]_S O__ _"
._ IflAB#: F'l(]lt'l"'E_tCHTO_ YO_ COtfl_E_S':HTAB4,: PRINT"TYPEI_ FOR_ CfiHit:'iIT"
3,30 _IN¥ : _I)fr 'COH_II-._T4J': INI'UT' ';COW1): IF L_ (_$(1)) > _0 THE_
3_ PWINI": I_l_ "C[IHtIFJ_T12"t IRPtlT" ";_S(2): IF L_ (C_(2)) > 60 TILE]/
_0 HOE : _k| 5: HTA_10

370 PI(1N7" I_J,'HI_, SOFTF_': P_INT
F1G$= '2'

_ IHHI1 "C;WI(;ECDtfIG. TO_ FI_? N ';kS$
400 iF ASS: 'Y" THENFIGS= '1"
_10 _ _4_l:c_Z;t
_20 XEH INIT I_ITS
_30 I_ Z$1._ZZIZZ
_40 _(1) : ._0: _ _01' EFI-'IC

470 E{_) : ._: _lt I'kIHEE_ EFFIC
_ E(5): .80: kEH _ECTEFFIC
_ E(7) = ._: kElt AIJX;F_ATOR EFFIC
_00 E(tO) " ,_8: R_ I"kANSWIREEFT'IC
510 _C(_) = .k_.* _I-.H GEAW_OXtit COEFT
5_ _C(k) = !._! _ _IPk HOT_;JTCOEFF

";,50K(5) : ._00: _ _ii_2 R'r.CTl_EkH
_60 9C(5) = ,_QOtRt:Jt K_H2 9T CO Nf_IOF_CC'J__ _0_4,/)t82
:_70_(12) = hOT _ WAIF.d(RL_YERESTBYKS
,5_ UK(1) : 93;U1'i(! ) = _( 1) 4t_: _ _( 1) KTS;U_! _ _S;THI_ESPA)IJISI.'EE'J)
_ UK(2) = _:IJIW2) • _(2) ,Z_! kT.H IJl((2) K1S;LIH(2)_S;AUX OHLYSi_r;._
000 UK(5) : _:U1¢5) : IJ((5) 4[_: RF.it _(5) KTS;L@W_)_S;LIH1TI_ SPEED
o10 I_A• 2_7.0_: _ IhltlR .J_ KEJ.VI_
o_ RH"- _077.23:k'rJ1 R_IEL/I_
&_ CI' : 1.2;1_'(1) = I:_H [_Y_HICLIFT CO_:.
_ SH: L6,7: I@.H St_t'EkHI:ATRF.J.VI_I

SC: - _7.2: k_ SUPERCOOLKELVII_
_ : 76193:_EH VOt._l: _t3

o70 C,t= _: _ CLII_ _NG_ _G
_,80_SC= ,0_: _ CL.I_,[d'._CB6C])
,_ C_ = ,018: I1"F1GS: 'I' T]a_rJiC_ = .016

Pf(INT'COi'W_FjWTT_ LOi_(;':Gb70330
PI(INT"_HM6VI1111]L_': GOTOL_,_O
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700 RB"-150: _EH_ATED_CENT_NI_F
710 RC= t50: REHRATEA._CEHTH/HI_
/20 AL[ = 20000:ZT" ALT/ 1000: REel OVERAT]_G_LTI';'UbEiH
730 _ = .75: REH PU_ITY
7kOLH(I_ = .19: RI:HKGtK_HKF_L WI
750 LH(2) = .011: ICr.HKC/KiIHkTA_K& _PPOk'( Ill
t_0 LH = LH(1) ÷ LH(2): _H KG/KWHkFUELANI_TA_÷SUPPOI_THT
770 PkOP$= '_EC]PEI_GI_ I_"
_80 8(9) = _0; _H PAYLOADWTK_
790 B(8) = 117o3: REHAPlDNICSWl KG,_
800 B(13) : k48.07! REHBALLASTIN _OSEFOR_ALANCE
810 HOME: VTA812: PkIH] 'ALIlTUIE : "ALT"et"
a2o ll_'lfl '_ YOUWAHTTOCIL4_ ? (Y/N) _ ";A._$
930 ll" ASS: "Y' THEN _TO 850
a40 GOTO87O
850 IHi_T 'HEMALT1TLiIIE";ALT
860 Z] = kLT / 1000
870 P = HZT):TE = TE(ZT)
890 HOHE: UTA$121P_INT "SIIA_TLEHGTH--SHIPt.ETHG_RLF#%-.80). IF YOUHA#1TOCHA_IG_,KEYY A#b L1ST2_J5_: [_

y_

_40

?60
?7O
98O
_90
i000
LOIO
1020
I030
_OkO
I050
I060

1100
I110
1120
1130
llkO
1150
iI_
1170
LIBO
Ii?0

1210
I,._.0
I230
12TO

1260
1270

I_00
I_I0

I_0
1340
L_5_

l_dO
13_0
14_0
I_I0
1420
i_30

I_50
I_60
1_7_
1_80

° (Y/#)N' ;ASS
IF ASS: 'Y" THEE _TO _)0
GOTO910

i_(2) = .0119: REH I)kI_ SHAFTi/[ CDEFI-'FO_RADIUS0.2_, _1._61T6
HOHI:: QTAD12: _IHT "_]VE SHAFTlit COEFF.• ';_(2)
1HI,J1"_ YOU_ TOCHMG£?el ";ASS; ]F ASS= "Y" 1HEN GOIO
_TO 96O
INPUT' _U _lPE _H_FTlit COEFF= • ;BC(2)

PC(2) = 2.5:1"K2) : PC(2) _ C3; REH PCCH_O,PI_PA_iCALS,eliTE P_SS DIFF
FS -- :;: REX SA_TEYFi_l'_

= O,llb_: I(EHNIHHIJLLFA8HT(3.,_OZ/Y])2)
FFH= .118&7:KEHF1HFAI#dCliT t_GIMt2
RHI= ,07! _il RI_ FA_IC lit KG.Ht2
_tl : .085: _ BALLONETFA_IC _ITKG/Ht2
T(_) = .05: _ _ SHIPPOLFORTklH BALLO#I:T
W( I ) = O: _H _J..Oi_T _1.
1{(9)= I: _ KHP4(P/L
K(8) = 1.13: _ AQIONICSP_ KH
SH]I'$= 'bOI.PH1P_ FINS': 1F FIGS= "2" THE#SH1P$= 'bOLPHI#SO_TFlelS°
HOWl:: PTi_ 12
_INT 'CL1HBA#Gt.E= 'CA' _EGP_ROFFASCEHT'
IHRJT'TX]YOUIJA#TTO _ (Y/#) N ';ASS
IFASS = 'Y" _ 1130
PklNT"PI_I:Eif["TA_(20)'P2=CRUI_EH_" TAil(40)'P3=CRUISEP_TI_"
_OTO1140
INPUT'NldlCLIH]IANGLE= ' ;CA
HOHI:: QTA812
I"_IHT'O.IHB Cl_= 'DC
I#t'UT '90 YIAI_ TOC_tA#GE(Y]N) _ ';ASS
IF ASS= 'Y' "I'HEH1190
_TO 1200
I#PUT'HEHCLI_ C_ = ";OC

: PT4B12
_IHT '_IT_ = 'PUk
I_'UT '90 YOUI_T TO CHANGE(_/#) el ";AS$
1FASS : 'Y'TIE# IT_
GOTO1260
IkT"tJT'PL_ITY =';PUk

: VT_ 12
RE= (RA S _H) / (PUk Z (RA - RH)_ _H): _ EFFECTlPE;AS C_X_STA#T
PklEl' '_ COEFIr(_IP)='_
I_MJT'_ YOUik_#TTO CH_HGE(T/H) _ ';ASS
IF_S = 'Y' TH_ GOTO1320
GOTO1330
I_'U?'_E_ COEFF=';C_
HO_ " PT_ 12
PkIHT 'HINIHLiHAVEHULLF'ABIIT:'MHU"KGtM'-')
[Hi'tiT'_ YOUHNITTO CHAi_,(Y/H)H';AS$
IFASS = 'Y" TI_ t_80
_OTO1370
IHH)T'_tl _II4 Al,_.XLLL_'AD¼T=';Hi_
_IHT 'l-'lH SK]elFAii HT:'FFB"K_Ht2"
]ttPUT'IX) YOUW_#TTOCHANCE(Y/H) _ ';_$
IF ASS: 'Y"TH_ GOTO1430
_TO i,_50
I_I,UT'_.i_FI# _;H HT=';FFII

P_I_T 't_lii F_ Hl:" ;I_I:W"K[:/Ht_'
IHI'UT"_O.YOUkW_TiO CHA#GE(Y/H) N ';ASS
IF ASS= 'Y" THEA GOTO1490
[,OTO1510 A-2
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L_O
I_O0
1510
1_20
1_30
1_40

i_O
1_90
zW,,'O
1610
[620
1630
1640
16,50
1660
1670
1680
1690
1700
1710
1;20
1,,'30
[/,_0
[750
1760
|/70
1780
1790
1800
1810
1820
1830
1840

1860
_870

_890
1900
1910
i920
[930
19_
_950
1%0
1970
19gO
19_0
2OOO
2010
2020
2030
2040
2050
2060

2O7O
2080
2090
2100
2110
2120
2130
21_0
2150
2160
2170
2_80
2190
2,?.00
2210
2_0
2_0
22_0
2_0
2260

IH_T '_W Rib I-'AI_W'I:';WFW-
I.I(N4E: V'FAB12
PRINT"BAI.)ITFADM'I='DFQ"KG/Ht2"
IItPLI'I 'DOYOUW_/ITTOC)IANQ_(_/N) N ';_b$
iF_St = 'Y' THIN _TO 1_0
;010 1560
IHt'UT'_W DALJqTF_ WT=';]_I:W
_INT '[_q.l.ONl:TUOLAi" _U1SE ALT= 'D_1)
IRPUT'_ YOU_T TOCHA/IQ:(Y/N) tl ';ASS
IFASS = °Y° THEN QJTO1600
[,OTO16tO
INPUT'�ALLONETUOL= '9LKI)
PRINT"I'WOPOFSHIPVOL FORTkIH(_ALI.0tET= 'T(6)
INHIT'90YOUlEaNTTO CHANGE?";_$
IFASS = 'Y'THENi/_;';';';';';';';'_0
;010 1660
INPUT'NEWPkQPOF _IP F_ TRIHDALL_ET = ';T(6)
HO_.: UTA_2
FFI_15:]JiUEkSE: _I_ "gIRD_TI_': NOkHAL
PRINT: PWINT: PRINT"'fI_WESHOL,_VELOCITY: '_(1) ° KTS': INMJT'gILL THISCJ-iI_IGJ_(Y/N) R ';ASS
If- _$ = "Y" THI:3tGOTO1710
_TO 1720
1)IHJT'NEgT_SHOLD VELOCITY,NTS';UK(1):U_(1) = _(1) $
_]ET : I'_]NT
I'kIRT 'A_IX_ESZGN_'_.ED= 'UK(2)° K]S': INPU1'_ YOUWAN1TOCHA_E?°_AS$: IF A_$ = 'Y" THEN17t;o
_TD 1760
INI'UT'NEW_ DESIGNSPEJ_= ";U_(2),'t._2) - _(2) :
PRINT:PRINT
PRINT'LI_IT1N£ SPEEI)= "UK(5)' KTS': INPUT"TAJYOUHAW1TOCHANGE?";ASS: IF A55 = "Y" TIEN [7',,o
GOTOIDOO
1RPLIT'HEHLIHITI_ _ • ';IJI((G):U_5) = _|5) * 02
NO_-.:UT_ 12
V'l'_ 14: PRINT'CALCULATI.HGgI_ VALVES'
kl:HA,_CENT_SFID.C. FALL,KT

'!, _,I-'ORI = 0 TOIO:LIA(I) = (I ÷ _.,_4) / .h.3. NEXT
k'OkI = 11TO 12'_(I) = (115 - t):N_T
FORI " 13TO 18:LQWI) = (2Z°_#- I)/ °08955'_'XT
FORI " 19TO 26:_(I) = (62.0J - I; / ._:7:HI:XT

DSITc.iITWIH'IT__YT_ OH,KT
FORI = 0 TOIO:UIK1) = (I ÷ 1.44) / .08: NEXT
FORI : 11TO 12:U])(1) = (_5._ - l) 1 .L_; NEXT
FIA(I = 1_TO 18:_X1) = (22.8 " Y) 1.0g: _
FOItI = 19 TO24:1_I) = (62 - Y) / ._: _
FOkI = I TO26:U(1) = IJ_(l) X C2:UU(I) = UI_I) _ C2: NEXT: _ CI_ _r TON/8
HONE: _TAB12: _IWT °SLUR HI_T I COOLTE_ = "_' & 'SC" K°
IHHJT"_ YOU_AHTTO _L_NG'EYINR';kb$
If"ASS: °Y' THEH ;OTO1970
_TO 1980
INMJT'l&g HEAT• ';_1: INI'UT'_g CUOL: ';SC

: VTA_12
t_INT 'RITE _E_ DII-'T= 'PC(2)' CHH20': PRIHT'SAFTI-'YF_TO_ = 'FS
IHHJT'_ YOU WANTTO CHANGE(Y/N)N °;ASS
IF_l = 'Y"THldlGO'IO2030
(;bTO2040
INPUT'HEWRITEPt(t.SSOIFF(CH1t20)=';t-'C(2):PD(2) = PC(2) S _: Ii_,UT'NEWSAFTEYFACTOR= ';YS

P1X4): (P ÷ PB(2)) S (Tt ÷ S!t) / (TE .1._) - v:_{_,) : PD(,4.)/ C3: REH PASCALSPRESSDli-"[JAY
PkIRT'DAYPkESSD1F'FFORDAYN1TEEQUIL,CHH20='PC(_)
PD: 6_._0778:PI)$= "FAI_kESS':PRINT'_Y PRESSWIU.ADJUST[0Pi_ES_ FOR lilRF_ gT':PRINT: INPUT'uFJ
fOU_T TOCHANCE(Y/N)11';ASS
ll- ASS= 'Y" THENPD$= '0": GOTO2090
C,OTO2100
IHHJT'NEWDAY _S BIFT,C_¢L20:';_(3):PD: PC(3)* C3
HO_ : QTAB12
PI(IRT'P/L HT='_(9)' KG3'
IHPUT'IX)YOUWW_NTTO CH_E (Y/N)N ";_$
IF _$ = 'Y' THEN GOTO2150
GOTO2160
IHMJT'P/LWT (KGS)= ';_9)

: VT_ 12
_INI °NI_ICS WT='9(8)" K_"
IHP1JT'TJOYOUWANTTO CHANGE(Y/N) N ';ASS
IF ASS= 'Y' THEN GOTO2210
_TO 22_
1HPUT'NEWWT=';_(8)
_t_. : VTA_12
PRINT'PILP_='I((9)"KW"
IRi'LiT'DOYOU WANTTO CHANGE(Y/R)el";ASS
IFASS= _'Y'TH_ gOTO2270
(;01022_0 A..3
IHPIJT'PRRP/L (XW)= °;XC(9)
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,.,:YO
2300
2310
_320
2330
2340
23_0
_3_0
2370
2380
2390
2+_0
2410
_420
2430
24.4.0
245O
;:66O
,:4.70
2,_80
2690
250O
z510
_20
_'_0
2540
2"350
256O
2_0
_'J80
_90
26O0
2610
2620
263O
264O
26,5O

26_0
2670
2680
2690
2700
2710
_20
_30
',_60.
2_50
22/_0
27"/0
_80
2790
2B00
2B10
2820
28_0
,'8_0
2_0
286O
2670
2_0
299O
290O
2910
2920
2930
2940
2_0
2960
._70
29_0

I_UHE: VYAB12
PI(INT'fiVIONIC$PWI_'R(8)"KW'
INPUT'_ YOUW_NTTO CIIANGE(Y/H)N ';_S$
IFASS= "Y" TIIEH _OTO2850
GOT{)234O
IHPUT'NEWV_?" ;KC(8)

INI'UT'_0 YOU WAHTTO CHAN_ (Y/N)N ";_$
IFASS = 'Y"THEN GOTO2390

INPUT'_tl VOLIgE(H13) = ' ;VO
UO= UI((2)

S'I_T HI_ F_ RUN WITHNEWUALUE_
UO= (UK(5) t 3 - UK(I) t 3) t (l / 3)
2J.LIX(2)< > UOTHENUK(2) = LIO
II UW(2)< UOT}IEN_(2) = UO
FOWl = I I05:LiWI) =_(1) _C2: _XT
F_I = LT@5; PWINTI" _('I')='UK(I);NEX1:FORI= ITO30:X= I f 2: _ :X =0
RE= (_ $ _) / (PIJ_ (_ - _) + RH):RI:HEFFECTI__ CONSTA_IT
_ Zz_czZ_Z
_dt SIZINGROUT1HE

I=O
(iT= O:Tg= O;DSCH1$" ' '
RO= _ ZT)t _ _.N kl" 01_ _LT

= 0,44291Z _ t (1 / 3): REH _blUS ,_ I)F_lVkbFk 1,5_0:_30.7FT
LF= (_ Z 6.863) _ ._; kF.HLEiTH,TRUNCATE@5%FOR_I.k_CE

= 5,9388 Z U2: RI_ SFCAREAH2 I_IUEO FR 1._=77820
_1.= LF $ (.g5 - ._0): I_ SH_,FTLENGTH
1.2= 2 _ (U. $ (°8 - ,6));1.3 = 2 _ [LF Z (,8 - ol)): _31 WIRELENGTHS_CTEHNAAN(J_X_I TOHOIOR
1FL_ =, 'J' THEN2640
PWINT'gll_ TO_T_ FROlt;_CT 1S LF$(.8-,4); AU_G_LFt(,8-,I)':L2$ : 'J"
IHI'UT'_ YOU Ik_T TO CHANGE(Y/N)N';_$ ,
IF ASS= "Y' Tl_Jt P_INT'CHANGELENGTHSL2 _CTE_L3 _UXGEH,#11tLINE ABO_'t SYOP

_(11)=.I2041_JOf(2/3):RB OIDCONEWT
11) = d.* _ _(11 )=0.30310(Lt2+2_.823_(VO/lk2000)t(I/3)_LfkS:REH COWEWT¢JN82_SIS .015" COHPOSifFCOK_

+_SKG_D RZI_.,S,=_)OKGFOWt_200<_ SL=IgH
EI'_ = K(8) f K(9): _ ELECP_
E_ = 2,0_7; _ I_'F STRESSFACTOR
_W = HHW$ SA**REH HULLWTHIRF_I[

P_4)= (P fP_2)) $(11[+ _)/ (TE f SO)-P:PC(¢)= PO(6)/_I RI:HPAS_LS _E_ DIFOAY

IF P_ ( > 'F'AI_B:S$"THEWHFW= I,_¢E - 6 z PIIiF8 $ VO $ ESF f (.0576_2I _ );kEH HULLWT
U_ = _g / _;U_W = UHW'IFUFW < _lIgTHENgFW= _g;_g = 8A $ UFW
KTW= _g $ .0_: _r_ TAPEWT.KG;¢%EACHSIDE
M(1): (? _ VO)1 (RA _ TE)'REH MASS_DI_PLAIR
H(2)-((P+H)) $(VO-@V(I)))/(RE _(TE + SH));_EH HAS_HE
H(3}--((P+ i'D)$ (IN(1)))/ (_ _ (TE + S'H))IREH D_Y_SS AIR IN_I._11
_(i) - H(1)- _2) - _}I RB bAYSIATICLIFT

=(H(2)$_ I¢(TEf S{))/(P+PD(2)); _H NI_T VOLHE
H(S)=((P+PO(2)) Z(_-NV))/(_ z(TE ÷ SC));_ NITE_L_T A]k
L_(2)--H(1)- H(2)- e(5}:_ NI_T STATICLIFT

= V_ - W' REH NITEB_I.LONETVOLUME
LIX3) = IJXt): REH _ I_Y L1FTFORDYNAHICL1FTCO_F
Lu : (IJ(1) - LIK2)):R_ _YNAHICLIFTDURINGNIGHTOHLY
IFLD : 0 THENI._/:,1
TL(I)= (2$ LI_= 9.807)/ (NOZ V2 Z UM(1)t2);_ ])_HIC CLAT THRE_HOLI)SPb
C0(1)= CI)+ (CP(I)$ (TL(I)/ _) t 2) / 2:_ C_INBLICE])I)RA_2TO AVE DAY-NITEDRAG
K4(I)- (C_(I): .5$ R(z'r)I[Ui_(1)t 3 $ V2)i (tO00):_ PROPKW_T TH_,IOL/_,_I_E P_
K4__)= (K4WI))/ (E(I) _ E(3));NEllTHkESHOL_ENGPW_
K4(5) = 1(4(4) / (E(4) $ E(IO)) + K(8) + K(9): kk_ RECTI_R
K5(5) = K4(5) / E(5)
_5) = k'5(5) / (K(5) / 0.118):_ RECT_EA Ht2_,88FACTORF_ COSt2APPROXIMATION
A1 = ((AN(5) / ((UO / k2_,75)t (2 / 3))) ÷ 311,04) 1 38.11: REH _ OF INCIbEHCELtHIT
• 5) = AW(5)$ _Ct5): R_ REC'I'@1
_(6): K_(4)$ WC(4):REH _IE E]qGiT
TL(2)=(2$L9 Ig,807)/(_ZU2ZUI_2) t 2): _ DYNAH1CCL
C_2) = _ _.(C}'(1)$ (IL(2)t CP) t 2) / 2t REH C_INBUCEI_])RAG/2TO _VkDAY-HITE_
Kg(])= (C])(2)= .5x R(ZT)Z Uii(2)t 3 z V2)/ (tO00):_ PROP_g AT _ESIGH_AUX
I(9(7)= (](9(I)/ (E(I)I E(3)$ E(k)$ E(IO)))f K(8):f$r3_gF.HEKATOR

Kg(&)= K9(7) / E(7): R_ _ BG A-4
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3010
]020
3030

3050
_0_0
3070
30_0
3O90
3100

3120

3130
3160
3150
]160
3170
3180

$190
32O0

3210
_0
]230

_2_
325O
32_
327O

_0

_344
L3SO

S_370
_0

_400

3420
_430
_660
3_0
3_0
3470
]_0
3690

$bI0
_520

N&) = K9(6) 4[ gC(6): REH _UXE)_GWT
N12) = K9(6) It _(12)
TL(5)= (2 _ L_I4[?°807) / (_ 4[ V2 4[UM(5) t 2): REX OYN_IC CL_T UM(5)
CI_5) = CI_÷ (C_(l), (TL(5) / CP) t 2) / 2; _ C_IN_JUC_B_AG/2TOAVFDAY-HITE[_AG
KI(1) = (C_(5) 4[ ,5 4[R(ZT) 4[ UH(5) t 3 * V2) / (tO00): REHPROP_ _T L1H1T1HG,Pgk
K1(2) = K1(1) / E(1):Kl(3) = El(2): REHSHAFT_ C,EARDOX
KI(4) = KI(3) / E(3): REM PI_I_ MOTOR
NI) = 0.1973 t 50R(VO)* KI(i) ; (1 / 3)
N3) = 4K1(3) It _C(3)): REH GEARBOXWT
N6) = K1(4) 4[ lie(4): REH PR1HF.MOTORWT
REH _AgU/lIT gT DEJ_IVEDFR_ _ RE_R'i WHERE1.30Z/YDt2 KE_ GIVES260 _/IN T_SILE I. 1,7 Oz _O,;_'t_(,t,

"REHFAB_lT lIT = (PO (P_SC/g.S)4[_ (_TE_) 4[FS 4[ 1.8 It ,033907 / (260 4[ ]9,37 4[_,k682)) ÷ ( 1,/ , ._3v_.
It FS It I.]404E-6+ ,057642

gt- = 1.08:REH SEtH& RF.T.3g.OkCWTFACTOR
Ki-= _O t (2 / 3) It ,5179 4[(2 / 3): REHFIN _
KI = KI. It 2 * FFg _ Ig.: REH FIN SKINb'TKGS
KI(1)= K_It_llZiil.: _ kl_llZ K_
1(1(2) = KI t KI(1): RI] TOTALF1NWYK_
REH H/d(gFIN _/ FROHQRGHkPPEST,& CONV,TDHETRIC.FIN ARE_=(V/62475)t(_3)U_30.44 Hi2 = ,SL/OZVf__'/_. ;

WT=._787i CONE.3486,EACHKG/Ht2OF FIR A_A,'FOT_1.027 I(G/Mt2. 6g0_81FIR SIZE 2./3 OFI_M'PSCHI(]L_E_:_,_UI_,_
IF FIGS= '1" THENKI(2) = ._787 4[ KF: _ HARDFIN WT
I_H BALLLelE'T(l_rl ' ) SYST_:SINGLE]_LI.OHETWITXLAUNCHTU_ ANbTRIH_tI.LONETS.SINGLEDLETr_IAP_AH i/ H_
LAUNCHTUNEVQI.].lSEALEV_OSS;LE'RGIH,,% SHIPL_
g]g=Sk/21_g: _ DIAP_WT
T(1) = LIXI) It 1.I / (1.0557 * PU]_):REH TUBE90L
LL = ,_ 4[(LF / ,95):N1 • _1_ (T(1) / (P] * LL)): REH LL=TUBELJ:]i,RIIS F1RSTESTR_IUS,.95 AI_,;USTS_01(]l,l
t#.2544
Y = T(I)
_OSU_3340

X,?= RI:Y2 = TT(1)
R1 = R1 _"I
GOSU_334O
Xl= RI'Yt = TT(I)
GOSU_3350
GI_IJB334O
IF _ (T'r(I)- I"(I))< .1 THbN

X2= XI:Y2 = YI: ;01"03290
Tf(t) = PI It !(1 t 2 4[(2 4[Rt / 3 ÷ LL / 2): _TU_
X = (X2 - Xl) 1[ (Y - Yi) / (_ - YI) _ XI:Xl = X: _'_I_N
T(2)= P1 4[_1 *(RI+I.I.)4[_'M: _ TU_EWIK;

P_IWIT(1),TT(1),I_1
T(])=((3_T(4)_UO) /(6 4[PISS t (2 / 3) It 4 4[PI Z_g: R_ TEIHB/g.LWT
KO= lid ÷ 1(2) ÷ T(3): RF] _LOWr. SYS. WT.K?,S
_H DOt_IN EFT. STRESSFACTOR:REFK/_L S. BOOK9, PAG_1

t_2) = 51.4[K1(2) 4[_(2): REH 81_.'T iT
N7) = K9(7) ItIk_7): R_ Q_NE_AT_WT
_(_) = (((2_4_0 - (171.3;' - UK(t)) t 2) t .5) - 53.009):U_4) = t_(6) 4[C2: IF UK(I) > _.9 THEN_(6) : _1_(1;
IF _( 1 ) ( 75 THIdlI_ 1) = 1080 - 13.2 4[UK(1)
IF U_(1) > = 75 THENBIXI) = 465 - _, L,._(1)
IF UK(1) > 93 THENI_)(1) = 0

_ 3 LINES8UBSTITUTE_FORFOLLOWI_3 LINES. EHPIRICALED;1_ _kCT VALUESAT THETHkEEDATAPO1HTS
REH 1FUK(t)_OT11F.JItJH(6_ 69,7XC2):_( 1)=288
_M IF_( I )=_ #_ 81.8ZC2):_0(I )=21.6
REH 1FU_(1)---96,STHENUH(_ )=(96,5ZC2):BO(1)=0:_( 2)=0

UH(4)=CUBEA_ H/S,_O(1)=_S O_URE_
TL(3) = (2 It LD It 9,807) / (ROIt V2 4[UH(6) t 2): RE_OYHk.HICCLKf CU]EAVESPEED

_,_0 CI_3) = C_ ÷ (C_I) = (TL(3) / C_) t 2) / 2= _ CD+INDUCE1)Dk_,/2 AVEDAY-H_TEDRAG
3540 ](3(I) = (C_3) * ,S Z RO* (U/t(¢) t 3 - UN(1) t3) 4[ P2) / (1_0): _EH_X PROP_ W/CIJ_EAVEglgb
3_50 K3(6) = K3(I) / (E(1) It E(3) It E(4_ * E(7)): REH _ E_GP_ CUBEA_ ONSTATION
_,wtOEGV= 250:CYC= 1._3E - 6:@CW= 8.96: I_EH UOLTAG_:_URESISTOHHCH:CUGH/CC
_0 PI.T= 0.02: F(_ PkOPORT]OWPOWERLOST
$580 _2:11"_ ZCYC ItK4_5) *L2 t 2It_J/((I-E(IO))ItEGP f 2): RE_ TECTglkE KG
3590 _ : _2 * (1(3(6) / K6(5)) 4[(L3 / L2) t 2
3600 N IO)= B_ F
3610 E] :_I)÷_(2) FB(3) ÷1_(_)_'_5)_'_(6)÷ _(7)_'NS)_-NIO)÷N12): R_ PO_Y_T
J620 _(0) = 1.4_ - B = (RD * _ * PD) * .5: REH_OBl_kWTKG
3_0 _ = (_ * _ / 60 * 6.2_ - 3) / ( _ (Pb)): RF.J_VkJ._ WT
3_0 A = _g ÷ ll-g÷ KI(2)÷ KOt NIl) ÷ _0) _ _: RB HULLWT INCLUDI_SKIN,BALLONET,FINS,CONE,BLO_R_ VALUE
_0 GI_Y= A _ EI ÷ N9): R_ _08S LESSFUEL_ TN_I(S_3_.LAST
_660 M : L3(3) - G_RY:REH FkEB.IFTLESSFUEL,T/g_KS,_M.LkST
_670 F ASS,: > 'C9" THEN
_680 i_INT'T_ = 'K'fMTAB(20)'HIILL= 'H'N
3690 PRINT'FIHS= 'KI(2)TA_(20)'_ONET = 'KO
37_0 I'k]gT "_F" = "N11) TAN 20)'VLO;E_:'NO)
_710 PR1wr'UALVE=;_
_7_0 P_INTm'1_'_]_Et_lkc IHT(H)'K_ AVAILABLEFO_FUFJ.¢ TA_S°
3730 REH ]FH(OTH_5020
_7_ REHZZXZI_ZI_XZl"X A-5
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i'C:
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Ci
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V-_

fFT
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f:_f

!:?'_

_760
_770
3780
3790
38OO
_BIO
_820
3830
_0
3_0
_860
_870
_0
3_0
_900
_910
_9"20
_930
,_V40
,_950

3970

39_0

+010
_020
+030
,,060
_050
+060
4070
+080
+0_0
+I00
4110
4120
_1_0
+1_
+1_0
41o0
+170
+JR0
_lgO
_200
+210
,220
+230

+250
+260
+270
+280
4290
_00
+_I0
,+_0
4_0
4344)
+3_0
+3_0
,370
4380
+_90
,400

ST = O:ST(I) = 0
CR= CA/ PI
Si( = S]H (C_):CC= COS(C_)
FOI(I : 0 TO(ZT)

VX(I) = (K9(6} _ IO00 / (,5 _ _(I) _ DC_ P2)) f (I / 3); REJtUELO_AUXPk_ AT ALT 1,_S
NEXT
_TO 3940:REH SKIP_PI]I_'_RF,b ASCEHT
FOk i " 0 TO (IT);_ POWF.REI_AS_NT
FW-- SQk(UX(I)t 2" (KCI 60)t 2)'R_H AIk'SPEF:,QAIALY I
liT= (%0(X)/ k'1:)_ 60; R_ SECI000_
Sl= FW - U(I):k_ _OU_M-.'EbHs'S
S = (S1 _ _T);ST(1) = S _ ST(I); I_8 EI_d_I'T

_INT
TX = ALT / _C / 60: REH H(JL_Cl.I_ING
_X = s'r(1) z 5.3%E - ,_

= I"XZ EH;Rk8 KI_HWC%.III@
VJ-.NCl]NTFR3470
FOR I = 0 TO ZT;_.H POWEROFFA,_T
DT " (I000I _) I_60: REHSIJCI00_
S = U(I) Z _T:._T(I) = ST(I) f S: REH_OWOFF

TL : (( A_ (ST(I))) / Utt(2)) / 3600: k_ _S TOAUX_C)(
HS= TZ Z _6): Rid1KWHt(AUX_ACK
TX: ALT/ _ / 60: RI:H T1HETO_LT
IFASS < 7>"CU"TI_I 6100
_]N1 .cJHX30)'ASL'_NlPKOFILL': PRINT
_INl 'M]WI:J_OFF ASO:J']TTAT 'lie"_H]H"
_I_ "IMI_TO CLIHBTO 'ZI"KH='_
_INT '_I.0WOI'TDISI'A_E"-'ST(I)/ I"O0"KH'.'
_INI 'TI_ TO _XliA_ TO STATION--'_
PRINT'FUELUSE.BASCENTANDAUX_AC_:'HSZ LH(I)' KG
_I_

I¢r.8ONSTATI__OFII_

RldlON S'[ATI_WIH_ AHOAUXPWI<_LC IH LINbS3110TO 3190
--(i_O(])_ k"J(6}):_ k'WHl(AUX OH S'fATI_

IF_SS< > 'CU" TI_ 6220
PRINT Sl'C(30)'ON-S'[ATI_PROFILE':PI<INT
_INT 'THRESltOL)SPEE])OF'UK(1)' KTSEXCt'E_E_FOR'_0( 1)" _/WINT_ ATPOWE'RAVESPiEl)_ 'U_ 4) / _' E_I
_]NT 'FUEL_ • '_0 Z LH(I)" KGS"
_INT "SHIPSPEE_ON PRIIt_WYPOi/ER(THRESHOL_VEL)="UK(I)'KNOTS:LINITI_V_ : 'LIK(S)'KTS°
_]NT 'FOR8 Hk'S@7S I(TSRESERVEFUELWT: *RE_ LH(1)
_EH_z'z,z_ZZIZ,lZZ
REHDSC_TPROFILE
RUt _ZZZ_IZXa_Z_
1F _$ : '_" THEN GOTO,_450

ST:O
DT= (1000 / _) Z 60: P,t.H S_CP_ IO00H
FO_I = (z'r)TO 0 ST_ - I

F_ : S_ (VX(1) t 2 - (kb / 60) t 2): K_ H_IZONTALkll(_E]_OkT _LT I
81 : kW - UU(I): R_ GI<OUND,_PEED
S : SI ; PT
ST: S _ _T: _:H AUXAI_Y])ISTdUICE8
NE,TT1

TI -- ( A_8 (ST) / U_ 2)) / _00: RF.HAUXAWAYF_
HJ = TI _ K9(6):k_ AUXA_k_YRWHR
Tli:.ALT / I<I}/ 60:REH DESCENT
HI): Tb _[K9(6):_ OE_CEHYKWHk
HI.= K9(6) z 8: _ L_ING KWHW,AUX81tk
Oli: (#.ISE - 6 _ _ X UOX PDZ T])I_.001) Z (.5 / .59):kIEH[kSCNIBLOWI:I_k3-HK
HT: Htt f H8 ÷ HI F HB ÷ _ _ HL÷ _K f _0" RLH TOTALHISSIONKWHI(,ASCENT.FAUXI)ACK_.AUXAWAY.Fi)ESCENT÷BLOWER÷L_t
Vk÷OJI-STATION

,410 FUL- HT I LH(1 ): _J_ HI_ION FUELKG
+_20 HTA= FITX LH(2): _:H TANK& _TktlCTL_EK(;
_0 b_- = (HB÷ _ ÷ HL ÷ HI) _ I.H(1)I _ FUELF'_k_SC_NYOPS1NCLBHt(LANDING
+4,,0 IF ASS< > 'CV' 1TEJt_,590
+.+bO_INT
_60 PRINT SIC(_)'DSCE_ PkI_'ILE"
+kTO _INT 'POWI:_ODESCEHTAl 'liD"H_IN'
+,+T_OPI<INT'TIHI:TO DE_EHD _ "ZT'KH=']D'Hk'S
+,+YO_T '1-2LFORDESCBT - 'HI)Z LI'_I)"KGS'
+boo _INT '_XAWAYATALT TOIl:AN_DI_IAHCE= 'TI"HKSAHi]'ST/ L_O' KH'
+bJO PklNT'FUkLFOR_UXA_Y : 'HJ Z LH(1)'RgS'
+b20 _INT 'FUkLFOk BLOWER--'DB_ LH(t)'KgS'
,_0 PRINT'FUELFOR8 HR L_[_ING• 'HL_ LH(I)'_GS'
_b+O YKINI'FUELU_.,DFOI(I)ESCEHTOI-'SII_I.Bill(LANI_INC.: '[_SF'Ki; A-6
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F'.E

:.C'i
[_:

_:>'t.

_-_v

:.:L. I

4t,_O

_ouO

_620
*o30

_u

Wd_O
,,oYO
+;,00

.,;,20
+130
t:,/40
.6'50
,_/60
,/70
+_80

,810
_@20
.830

._0
,860
,870
d_dO
4.8_0
,900
,Y]O
,Y20

,Y44)

._Y60
+YTO
,YeO
+_0
1000
:_010
:_020
,_0_0
,50kO
:_ObO
:_060

_070
:_sO
50_

=110
J,120
,_1_0

_lbO

_170
_180
_i_
._200
,_210
$220
G230
G240
5250
_260
_0
:_2BO
_270
_0

PkXHT
PklN1 _"C( 30)%UiIHAWY"
PW]NT"f(JTALFUELW1FOki_lSS]_ : 'FUL
H(t O: 1F AZ= 2 THEN RETUkH
ICr.H

W_;= L;_Y + FULJr _IA + l_(13): i{_ GI_OSSWTKI,
uW-- Lpi:i) - _: REt_ I-kI:I:LJ]-TAI'.ROSTK[II:
PUS= "2"; I_.Hl'RtllTOAC1]VAI'EC]tt_,L ll;IS Li_ TOI"kll OgLi
_JN1 IA_(_)'VOLUr,:,_it3,VO:'VO
_.}m 'c_ss m,KC, _;--" rA_( _)_: PRINT"STATICLIT'T, l_3)=" TAI_ _)lP(3): PR]N1'FkEElll i, _)W="::h,:

, PRINT
1_"PQ$-=-'2" THI_ _90
IJWUT'_0 YOUk_IT DETAILSPR]HIED'."(Y/N)H';PO$
IF PO'_= 'Y' TH_ PQ$= 't': GOSU_6280

P_ " "2"
_1 : I't(110
IF _BS(_) :> I 'l'l_N_TO 5,_70
F_ I "- ! TO5: IF TL(I) > "- ,31b THIN PRIN'f"ST_:1L('I') 1S TOOL.4k_,='TL(I)'::SPEEII UPOkRL_CL ]'J_,
_:_r I
GOTO#_&O
1.1"_ = I TH_ I_.TUI_

I-0
I_._ IWI'UI'DOYOUWANTTOSEETIlEA_T _NbB._.EWTPWOFILL? (Y/R) N ';_$1
IF _ = I TtlI_ _IP1 " 'C3NE_'II_hM.SOI'TI"lilS'

FE = FUL:_ = ;O ]' I.UL+ _;T_
H(t I: l_I_ffC_k$(31)
PW1NTSH:( 29)'IL4PP'BASES'_LINE'
PRINTSHIPS" '_$
_INT ' -

,,_' M._ ' _IC( 5)'ICST'
_I_ ' r113"_IC(_)"_" SPC(_)'KWIN" _.'C(3)"l(g ' _F,C(3)'Kg ' SHX 3)" KG " SIC(_)"_:G' S}'C(_,

P_INT" - ..... :-: ....... :- - ....
/_1: l#T ((_ / G_Y + ,00_) _ IO0):_I$ = _Tl_ (AJ)
BI = iN[ ((El / ;_Y 'I" ,Q_55) _ i00):II15 = 5"11($(@1)
Cl : lNt (((l'k I (L}KI) / LH)) / _;_Y 'l" ,005.5) ,t. I00):C15 : STk$ (Cl)
= ( IN'[(A _ .5_)+ ._)001

]_" ( IN1 ((_ Z 100) t- .5)I 100) _ ,0001
C "-( I_I(I-E _ .G) f ,0001)
E1 : bl t. KIA
El : ( I_ (El f .b))]",_I
HS= S1kS(C)
W = ( ZNT(((P9 " P]X2)) Z 100) + ,:_) / I00) _" .0001
_$ • $II($(POL)
B$= S1kS(ZT)
C$ = Slkl (Kt.W,5))
]_$• Sl_ (X9(6))
E$= SIR$(KI(,_))
F_ " STIll (A)
GI : Slkl(El)
H_= S'l"_ (C)
I$ : 811_(_(9))
J$ : S'II_ (_(13))
PRINT LEJ-T$(AS,6)_C(3) LEFTS(B$,3)' ' LLFT$(C$,6)SI'C(2)LFJ-T$(I)$,6)SIC(2)LLFT$(Eh6) SIC(2)
o_ _}'C(2)LEFTS(G$,6)SIC(2)Ud-T$(H$,6)SIC(÷)L_T$ (I$,6)_ ,_)LLFT$(J$,6)
PRINT _IC(39)LEJ-T$(AI$,2)'%"SIC(5) LEI-T$(BI$,2)'%'SPC(6) L_T$ (C15,2)'%'
_INT
PRINT'qJ_:.I( HE_7= 'SN" K ' TA@(35)'SUPERCOOL: '8C" I("
_INT 'CD= "_,' ' TA_ ]5)'PROPCb= 'CI_(1)
_|NT 'SAFRYFACTOR= 'F8TAB(_)'OAY PRESS(_ _O) = '( INT((POI _ $ TO00)+ .G)/ I0(_))

UK(2) = LeW2)/
I'_INT 'UNITFABiJT='Ul'g"K[;/M2"T_( 3b)'N1TEPRE,_3="( INT ((PD(2) / C3 $ 1000) + ,5) / 1000)
PRINT'---gEIGHTSKi_:--'
I._1_1'
_IN1
I_INT
PRINT
PIdWI
PRINT
PRINT

I._INT
I:'klNT
PRINT
_INT
mINT
Pk]NT
I"_INT
_}NI

TA_(17)'E_ELDPl: gI'
'TAPEW'I= "KTWTAB(_)'HULL--'HI'M
'FI#SYS = 'KI(2)TA_(3b)'BALON'rSYS: 'I_0
'C[J_.iJT= '9(11) TAI_35)°BLOWId(= "_(0)
"JK_ g/ : "_
T_ I7)'POWERSYSTEHW]'
'PR(]_ELLER- 'EWI)TAB(_)°$HAI-'r--'_(2)
'I;EkRBOX = '])(3)TAB(3',))'PRIHEMOTOR= '_'_)
'_CTEHNA: '9(5)IAI_( _)'TkANS, glkE : '9(.10)
'AUXEE_ : "9(6)/AIK 35)'GE_NERATOR: 'b(7)
'AVIONII_ =. 'B(8) TAB(35)'TAIWKS= 'MTA
TAM_)'_'ll_R_COV_Y=°9(12):PRINT
'REL'TE_A_REA='AI((5)TAB(_)'ANGLEOF I_CIOE_ELIHZT='AI
'HICM]_VEBI:_k'WIH2="._(5)
'LIFT--'1.0(3)'R_S','W_IGHT= 'WG"R[,_'
TA_(IO)'VEL_ITIES,KTS': PRINT"LIHIT:'UE(5)T_I_(20)'THId.SHOL_='UK(I);YRI_T'AUXbl:Sl[;_'U_,._, _.
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;7/

[ .:.:

[..':

-..;2'

i')'_

>;.•-

:_310
:;320
J3;_O
:.340
._350
_360

_3BO
:,390
_400

_620
:,430
:,44O
_,650
_,460

._470
_0
_490

_$I0
_5_0
$530
_0
_550
_0
_,_0
_,'L I
,,.a_JO
55Y0

<" d k,6.0
_630
:6_0
_50
_0
_670

._690
_700
_,710
:;7_0
_730
_40
_0
:;760
:;77O
_;790
:;790
;,800

:;_0
_b_O
_8_0
_0
_70
_b_O

:;910
.:;920

:;920
_940
_950

.9"/0

_000
_010
00,'0
_030
30_0
00,50
_060

IF LI'# (COral)) '.," > 0 lltN I'R1HT" CO_E'NT';CO_(1): _'I_INT _PC( 10);C0$(2): I"_lH1
t't(INl ' Z_ZtZZZZZ$_Z_ZZZ_Z_ZZ*Z_I_ZZZZZZZZIZZ*Z_Z_ZZZ_Z_IZZUUZ_I_I_ZZZZZZZZ_ZXZ"
PI<IO* IF PUT= 'I' TH_ _ETU)<_
IHPUT'IX] YOUM_T PRIHTOJ"ASC_NT,OHSTA,bE'SC_TDETA]LTT(Y/N)_';k_)
If- hS$: 'X" TIiE_ASS: 'CU*: _t I;A% : 7.: _UB _20
P_$ I
Rlll

ILEH_INTCH_(12)
IdOl0
_1 l: _I_ "TL(2)'-"TL(2): _; 0
I.'RIHI'E_': ENb
PI(INI ';i,1;d_STOl(EOIJ)VALUES,tlI,SkTNEW9_S_ _TO 23_0": S'IOJ_
EHP
_H I_INT'SHIP IS NOT_ EHOUGH':H<IHT"L1FT_-'F,'_IGHT = °G;_U
PKIN1"TO0MUCHFUELU_b': PI(1NT"FUELWTAPAILAiq.EAI.TERSHIPSIZING= "H' PRINT'FUELAVAILAblEPldl,.: ll_

KANI.'SCOHUk']_IONON_.U_E
I1" U(I) "-0 11EN9( 11 "- VOtF(i) ; _: GO105530

_[:) = PO:F(,_) = DW
VO=( - F(1)) ¢(U(:)-U(II)/(F(2)- F(1))_'U(I)I_= INl(UO)
U(l} _ 'J(2):F(I) • H2)
GOTO2410

GOTO55."D
_l,l: kl:i_ ;::L'ZZSYtt_OLSPL_ZZ

: _INT T_8( 12)'_ SYH_OLSPL_t XX': _INT
_lKl' TAJNIO)'V_].OCITIkS'
_IHl "UF,=UELK'f_"TAB(_)=IJ_=V'ELrVS': PgINT

PRINT"(_)_XIH_" TAB(20Y'(4)--CU_ APE_XS'
_INI '(IOP-DI:SI{# SillS' TA_( 20)'¢5):,LI)ilTIHG "
M(INI'UX(I) _._IIXO_t _VSP,SCEZff-DES_HFAT _T I
H(INT ' I'I(INT: _INT TA_ IO)'CONI'O_NIS*
_I_ '(O)=_I.ONI:J("
_INT '(1)=Pk'OPFJ.LL_' T_ _)'(2)=SH_'T" IAL_(_(_)'(_)=G[AV,_OX"
_INT '(,) )_IHAXY HOTO_"TAB(_0)'( 5 )=J(_.CTENNA'TA_( _0)'( 6-)=AUXF.HGINE'
_INT '(7 _-_EI(ATOI(" "fAD(20)'( 8"_=nPlO_lCS"TAB(_0)"( 9-)=P_YLOAD"
I_I_,N'I°( 10)-'IfI(_WIJ_" TAI_20).'(II)=COR" lab( ,_0)'(12)=_T1_ RECOU_YSYS
I'_IN'I '( IJ)=[_4J.j_ST'
_IITY: PWI_
P_I_T TA_( IO)'POWkX,KW;FOIST K FUHCTIOH_CO_,OHtgf_)"
PIdNT' ---PU_,'TIOHS--"
PRINT'RI--I.1H1TING"TAB(_)"K,..%C_ISEH_* TAB(40)'K_ISE P_TIAL"
I'_IWI 'K6=THkI:.SHOLD"T_( 20)'_.,_=LIMITIN'_O"TAB(_)'li -_.A_Itl_"
_INT '_:q_.._ER_' TAlc(_)'KS=DESI_ MAX'TAB(4.0)'_.9:AIJO(OFFSTAT_ _X DESIGn"
P_INT : _INT TA_( IO)'_g EHI:R1;Y,KWHk:_OIO_;THI-'I_,4,'_TI(X_(CO_O]#.KI")
_INT '"_rUNCTIONS--"
P_IHT'I41=ASCF_N'I"TAB(20)'HI=AIJXTACK"TA_( 40)'H3=ONSTATIC'
_I_ *H4=AUXAWAY"TAB(_)'HS=OE$C_T' TA_( _O)'H6=LaD1N(;'
P_INT 9P=_I:_kIA:' TA_( _)'HS=A_C_T OPS"TAB(_O)'Hg=OHC,J:'NTOH'
_tNT 'KF:TOTALHI_ION"
_INT : t'klHT TA_ LO)'FUEL,KG:F_I_ATF FUHCTION"
_INT 'FUNCTIONASI.'_ F.]qI=J_GYA_OVE"
I._INT 'I-UL=TOTALMISSION"
I_,IN'( : PWINT IA_( IO)'T_KS,KG'
_INT T_( IO)'CONUE_SIONFACTOr': PkINT °CI=KHOTSTO_S ,_14,t44'; _INT 'C_='CNH20'TDP_C_S 98.o,iJ8
_INT '_KS=TOTALMtSSIOH"
_INI : P_INY TA_ IO)'_IITU_'
P_(IhFT'ALT=_TE_' TA_( _)'_=KILOHI:TE]_S"
I:'ffllTIr: I_Ii¢1' '_IGHTS,KG"TA_(_)'_EI_T COEFF'TAIl( _O)'POWF_COEJ:T"Si"C(IO)'HISC"
P_Ihrl' TA_( 4)'T_COHI.')"TAB(_)'WC(COHP)' TA_(40)'_C(CD_')' SIC( IO)'AI(( 5 ) _C'I'E_AAk_'
_IN'I']A_( I)'PLUS' SIC( 53)'A1 ANGLEOFIHCII_:.HCt-LIMIT': _INT TA_ 1)'92_1_ _CT TOHOT': PIdNI TAB{

•- A_ TO_T:_ lO):B2÷B3'
_INT TAB(I)'I_---_OSSWT"
PI(INT;PIdNI TAB(IO)'EFFICCOEFF"
PRINT%(COHH]NI:_fl)
_IHT rA_( IO)'C3_:RSION FACTOr': P,_INT"CP-KHOISTOHIS ,51._.4"t P_INT 'C3='CMHID'TOPP_SCALS9B.0638

I_Jt $1;_1 QT{:_.[;,POW_TOTOI_UF.TO_YI,.ESSTOWT
S(1) : 1._,5E8: RE_ AL6061T6SHLAI(STRN/M2
S(2): _00:$(3)= ,_; REN _ DENSITYKG/M3,SH_I-TRA[aI_M
S(#): (lilll) $ tO00 / E(1)) I (2 * PI I 1,67) t R_ TO_Uk _,TZOO_
$(5) = _(4,) / (S(1) Z S(3))I _'EH XSECTAREAH2
BX= 8(5) t _(2) I SL: I_ SH/_.'TkiTKG
Ftr.HABOUEkEDU[:%'.$TO A CONST_T_(2)_I(1)*SLWlllr._EWC(2)_.0079l-'OkFACTOkSAS _,IUEH,

B(2) : 0.0_79 I_KI(1) x _L
k'LH
_E_ A -8
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_JO
_090
_1o0
_110
_120
_130

_150
G160
,_170

_1_0

6210
622O
42_0
_240
6250
_260
427O

_2_0

_20

_'_0
_bO
_360
,;37O

_390
6400
6410

I'_INT '_(2)"_:'_(2) "
I_INT 'I)(2)_KI(lbSL_S(_),S(.5)" TAB(30)_2): _IN:I" KI(I)T/B( 20)SL: _IHT S(_') TA_(20)S(5)

E(1) :' .9:P1 " 3.1_159
INPUT°KI(IbSL " °;KI(IbK.
GOTO5980
END
FOkJ : I TO9
FOI(I : I TO10: ;OSUB6210
_l_ J' "I" ' ;
t,_IKr X

1,0
NEXT

IF J-1THENX:KI(1)
II. J =,2 THI:NX = K2(1)
IFJ=3TI_X=K3(I)
1_ J = _,11tF.1_X :' K4(I)
11' J =' 5 TI_ X " K_;(I)
IF J = 6 THIdlX = K6(I)
IF J : 7 Tl'EltX : _(1)
IF J : 8 THI:_X " 1(8(I)
IF Jf9THI_ X"Kg_I)
11"J ) 9,1 THIN EHi)

X1(1) - 1,1111:1_6) = 6._66:GO10 4140
R_
_'ORI = 1 TO IO:YJ(= TL(I):YK : C_1 )

_,XK: GOSl_6440
• ZI(:2X• _(: ;OSU_6400

_:2](
t_INT I T/_ _)XK TAB(15)'/1(
_TT

2X : I_r (7.KZ 1El ÷ ,=) 1 11:;I:IF I < 10,9 11_ _.TUI_
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** SYMBOLS **

UK:VEL KTS
VELOCITIES

UM=VEL M/S

(1):THRESHOLD (2):AUX ONLY
(3)=MAXIMUM (4)=CUBE AVE MAXS

(IO)=DESIGN SPEED (5)=LIMITING

VX(1) = AUX ONLY M/S ASCENT-DESCENT AT ALT I

COMPONENTS

O)=BLOWER
1)=PROPELLER

(4)=PRIMARY MOTOR

(7)=GENERATOR
(IO)=TRANSWIRE

(13)=BALLAST

POWER, KW:
--FUNCTIONS--

KI=LIMITED

K4=THRESHOLD
K7=RESERVE

(2)=SHAFT

(5)=RECTENNA

8)=AVIONICS

ll)=CONE

(3)=GEARBOX

(6)=AUX ENGINE

(9)=PAYLOAD
(12)=WATER RECOVERY SYS

FORMAT K FUNCTION (COMPONENT)

K2=CRUISE MAX
KS=LIMIT INTO

K8=DESIGN MAX

K3=CRUISE PARTIAL
K6=LANDING

K9=AUX OFF STAT & AUX DESIGN

AUX ENERGY, KWHR: FORMAT H FUNCTION (COMPONENT)
--FUNCTIONS--

HI=ASCENT H2=AUXBACK H3=ON STATION

H4=AUXAWAY HS=DESCENT H6=LANDING
H7=RESERVE HS=ASCENT OPS Hg=DESCENT OPS

HT=TOTAL MISSION

FUEL, KG: FORMAT F FUNCTION
FUNCTION AS FOR ENERGY ABOVE

FUL=TOTAL MISSION

TANKS, KG
CONVERSION FACTORS

C2=KNOTS TO M/S .514444
C3=CM H20' TO PASCALS 98.0638
TKS=TOTAL MISSION

ALT=METERS

ALTITUDE

ZT=KILOMETERS

WEIGHTS,KG

B(COMP)
PLUS

MIT

B2=WIRE RECT TO MOT
B3=WIRE AUX TO MOT:

WG=GROSS WT

WEIGHT COEFF

WC(COMP)

B'(IO)=B2+B3

POWER COEFF

KC (COMP)

MISC
AR(5) RECTENNA ARE
AI ANGLE OF INCIDENT

EFFIC COEFF

E(COMPONENT)
CONVERSION FACTORS

C2=KNOTS TO M/S .514444
C3=tM H2O' TO PASCALS 98.0638

OTHER SYMBOLS NOT COVERED BY THE ARRAY ABOVE ARE AS FOLLOWS:
A-IO
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A

A

ALT

AR

AI

B

(s)

(o)

:I

I

I

I

I

I

ATTACHMENT A

HULL WEIGHT INCLUDING SKIN, BALLONET, FINS, CONE, BLOWER & VALVES

TOTAL HULL WEIGHT

OPERATING ALTITUDE, M

RECTENNA AREA

ANGLE OF INCIDENCE LIMIT

BLOWER WT KG

B

B

B

BFW

BO

(10) =

(4) =

(s) -

I

I

TOTAL TRANSMISSION WIRE WEIGHT

PRIME ENG WT

RECT WT

BALLONET FABRIC WEIGHT

KWHR AUX ON STATION

BV

BV (1)

NIGHT BALLONET VOLUME

BALLONET VOLUME

[_';.,

,+J
+:

L..'_:
.o .

,;.+

BX

B2

B3

CA

CD

SHAFT WEIGHT KG

WIRE WEIGHT, RECTENNA TO MOTOR

WIRE WEIGHT, AUX ENGINE TO MOTOR

CLIMB ANGLE DEGREES

CRUISE DRAG COEFFICIENT

,L+.? CD

CD

(1)

(2)

AVERAGE DAY AND NIGHT DRAG

CD + INDUCED DRAG/2 TO AVE DAY-NIGHT DRAG

t._i

i!;i

CD

CD

CP

CR

DB

DC

DSF

DT

(3) I

I

CD + INDUCED DRAG/2 AVE DAY-NIGHT DRAG

CD + INDUCED DP,AG/2 TO AVE DAY-NIGHT DRAG

DYNAMIC LIFT COEFFICIENT

CLIMB ANGLE, RADIUS

DESCENT BLOWER KWHR

CLIMB, DESCENT DRAG COEFFICIENT

FUEL FOR DESCENT OPS INCL 8 HR LANDING

SEC IO00M

A-11
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DW

El

El

EPWR

ESP

EVG

z

z

s

mm

ATTACHMENT A

FREELIF-I"AEROSTATIC

POWER SYS WT

POWER SYSTEM WEIGHT

ELECTRIC POWER

EFFECTIVE STRESS FACTOR

VOLTAGE: CU RESIST OHMCM

gk?_

FE

FFW

FS

FUL

FW

: FUEL WEIGHT

- FIN FABRIC WEIGHT

- SAFETY FACTOR

: MISSION FUEL KG

- FIN UNIT FABRIC WEIGHT

FW

GDRY

HORIZONTAL AIRSPEED AT ALT I

GROSS LESS FUEL & TANKS & BALLAST

HD

HFW

HH

Hj

HL

DESCENT KWHR

HULL FABRIC WEIGHT

KWHR CLIMB

AUX AWAY KWHR

LANDING KWHR, AUX 8 HR

HS

HT

KD

KWHR AUX BACK

TOTAL MISSION KWHR, ASCENT + AUX BACK + AUX AWAY + DESCENT + BLOWER ÷
LANDING + RESERVE + ON-STATION

BALLONET SYSTEM, WEIGHT, KGS

,.T-_

-'_._

KF

KI (I)

KI (2)

K'FW

K1

LD

: FIN AREA M2

- RIB WEIGHT KGS

- TOTAL FIN WEIGHT KGS

- HULL SEAM TAPE WEIGHT

: FIN SKIN WEIGHT KGS

- DYNAMIC LIFT DURING NIGHT ONLY

A-12
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LD (1) =

LD (2) =

LD (3) =

LF =

LH =

LH (1) =

LH (2) =

LL =

L2 =

M =

M (Z) =

M (2) =

M (3) =

M (5) =

MHW =

MTA =

NV

p =

P (ZT) =

PC (2) =

FC =

PD =

PD (2) =

PD (3) =

PD (4) =

PLT =

PROPS =

PUR =

ATTACHMENT A

DAY STATIC LIFT

NIGHT STATIC LIFT

MAX DAY LIFT FOR DYNAMIC LIFT COEF

LENGTH, TRUNCATED 5% FOR BALANCE

KG/KWHR FUEL AND TANK & SUPPORT WEIGHT

KG/KWHR FUEL WEIGHT

KG/KWHR TANK & SUPPORT WEIGHT

HELIUM COMPARTMENT LENGTH

WIRE LENGTHS RECTENNA AND AUXILIARY ENGINE TO MOTOR

FREELIFT LESS FUEL, TANKS, BALLAST

MASS DISPLACED AIR

MASS HELIUM

DAY MASS AIR IN BALLONETS

NIGHT BALNT AIR MASS

MINIMUM HULL FABRIC WEIGHT

TANK & STRUCTURE KG

NIGHT VOLUME HE

PRESSURE AS SET FOR A GIVEN ALTITUDE

AMBIENT AIR PRESSURE

NIGHT PRESSURE DIFFERENCE, CM H_O

DAY PRESSURE DIFFERENCE, CM P2C

DAY PRESSURE DIFFERENCE, PASCALS

NIGHT PRESSURE DIFFERENCE, PASCALS

DAY PRESSURE DIFFERENCE, PASCALS
\

DAY PRESSURE DIFFERENCE, PASCALS

PROPORTION POWER LOST

RECIP ENGINE H2

PURITY OF HELIUM

A-13
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RA

RC

RD

RD

RE

(ZT) _-

I

z

ATTACHMENT A

AMBIENT AIR DENSITY AT ALTITUDE ZT

R-AIR J/KG KELVIN

RATE ASCENT M/MIN

RATE DESCENT M/MIN

DENSITY AT OPERATING ALT

EFFECTIVE GAS CONSTANT (ADJUSTED FOR PURITY)

RFW

RH

RIB FABRIC WEIGHT

R-HELIUM

r-,l

I_,7.:

Zy_ _

F;:

[_,_

RK

RI

S

S

S

RESERVE KWHR

HELIUM COMPARTMENT RADIUS

BLOWOFF

ALLOY 6061T6 SHEAR STRENGTH N/M2

AL DENSITY KG/M3, SHAFT RADIUS M

LI.'.';

S

S

SA

SC

SH

SHIPS

SL

(4)

(5)

= TORQUE AT 100 RPM

- X SECT AREA M2

- SFC AREA M2

- SUPERCOOL KELVIN

- SUPERHEAT KELVIN

- DOLPHIN HARD FINS

= SHAFT LENGTH

Fi,

_'_ .

ST

ST

SX

$1

T

s

I

-.

AUXILIARY DISTANCE M

AUX AWAY DISTANCE

BLOWOFF DISTANCE, CLIMB

GROUND SPEED M/S

HELIUM COMPARTMENT VOLUME

w T'

'-i_v-

T

T

T

(2)

(3)

(4)

HELIUM COMPARTMENT WEIGHT KG

TRIM BALLONET WEIGHT

PROPORTION SHIP VOL FOR TRIM BALLONET

A-14
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TD

TE

TL

TL

TL

TL

l-F

TX

TX

TZ

TI

UHW

UO

VO

VR

VW

VX

WD

WF

WG

ZT

(ZT):

(Z) :

(2) -

(3) -

(5) -

(1) -

s

i

z

I

z

l

z

{I) -

B

m

I

ATTACHMENT A _

DESCENT HRS

AMBIENT AIR TEMPERATURE

DYNAMIC CL AT THRESHOLD SPD

DYNAMIC CL

DYNAMIC CL AT CUVE AVE SPEED

DYNAMIC CL AT UM(5)

HELIUM COMPARTMENT VOLUME

HOURS CLIMBING

TIME TOALT

HRS TO AUX BACK

AUX AWAY HRS

HULL FABRIC UNIT AREA WEIGHT

CUBE ROOT VELOCITY PARAMETER

VOLUME M 3

RADIUS M DERIVED

VALVE WT

VEL ON AUX POWER AT ALT I, M/S

DIAPHRAM WEIGHT

SEAM & REINFORCING WEIGHT FACTOR

GROSS WEIGHT KG

ALTITUDE, KM
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Io CARMICHAEL'S CONTRIBUTION TO THE HAPP PROPOSAL

THE FLOW REGIME

Theproblem is defined as:

A one-million-cubic-foot airship of nuetral buoyancy.

Altitude of 70,000 feet. p = .000139 slugs/ft. 3 _ - 21.33 ft.2/sec.

Able to maintain station in wind speeds of up to 70 knots.

The high altitude results in a Reynolds number per foot of length of

only 56,000 at 70 knots true speed, thus greatly reducing the practical

problems associated with surface finish. Figure I.

A hull length to diameter ratio of 3.33 results in a basic hull length

Reynolds number of 16.4 million at seventy knots, and an arc length

Reynolds number to the minimum pressure point at 60% of projected length

of 12.5 million (based on a 9.5% increase in arc length over projected

length and a 16% increase in local potential velocity over flight speed

at min. pressure). Figure 2.

These Reynolds numbers imply that large drag reductions are possible due

to extensive laminar flow both on the basis of theory and on the basis of

experimental experience.

B-1
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Z
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FIGURE 2:

UNIT REYNOLDS NUMBER vs TRUE SPEED

I I i

- 70,000 FT. ALTI

I I I
0 20 40 60 80

U - _ KN

I I I

HULL LENGTH REYNOLDS

NUMBER = U -

V

LENGTH REYN(

TO MINIMUM

PRESSURE PT. = U*Sm.p.
v

VOLUME = 1 MILLION FT3

70,000 FT. ALTITUDE
Ud = 3.33 MIN. PRESS. AT 0.6_

20 40 60 80
U ® _ KN

HULL STRENGTH & ARC LENGTH RN TO MIN. PRESSURE PT.
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The low density at 70,000 feet together with the modest true speed

requirements lead to relatively low power requirements. Thrust Horsepower

divided by the drag coefficient based on hull volume to the 2/3 power vs.

true flight speed in knots is presented in Figure 3.

HULL ALONE DRAG COEFFICIENT - THEORETICAL

A rapid method of computing the drag of streamlined bodies of revolution

as a function of length Reynolds number, boundary layer transition location,

and length to diameter ratio is found in Reference 1. The solid lines

of Figure 4 present calculated values of CD for a body with length to diameter

ratio of 3.33 for fully turbulent flow and for laminar flow to 60% of pro-

jected length. At 70 knots the laminar case has only 35% of the drag of the

fu_ly turbulent case. The dotted line of Figure 4 reveals that an all-

turbulent body of length to diameter ratio of 5, in spite of greater length

Reynolds number and lower supervelocities has only 2% less drag than the

body with 3.33 length/diameter. Thus there is little risk that use of a low

fineness ratio body will carry a penalty should laminar flow not prevail.

HULL ALONE DRAG COEFFICIENT - EXPERIMENTAL

Some experimental points have been placed on Figure 4 at the correct hull

length Reynolds numbers to indicate the extent by Which theoretical

expectations have been achieved in the past.

In the early 1960's, the writer conducted tests in both wind tunnel and in the

ocean on the Dolphin body with length to diameter ratio of 3.33 and favorable

pressure gradient to 60% of length. In the wind tunnel, Reference 2, in the

B-3
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clean condition at a Reynolds number corresponding to 22 knots in the

present application for the clean condition, the experimental point landed

right on the theoretical curve at O.Ol. With the boundary layer artificially

trippled to produce turbulent flow, the experimental point was somewhat

above the theoretical at 0.028. This could indicate difficulty in making

the afterbody pressure recovery with the thicker turbulent boundary layer

at the low Reynolds number.

In the gravity powered ocean tests, References 3 and 4, the clean body points

feel slightly above the theory indicating that laminar flow did not extend

quite to the minimum pressure point. Even so, by a Reynolds number of 20

million, the value was almost down to 0.008. With boundary layer trippled,

the experimental point fell right on the theoretical value at a Reynolds

number of 18 million. Additional experimental points from a series of ocean

tests are given in Figure 5. The drag appeared to be minimum between RN of

23 and 30 million. The scatter one must expect with extensively laminar

bodies in the real world is also apparent. A photo of the Dolphin research

body is shown in Figure 6.

Recently, a somewhat larger but slower underwater body as depicted in Figure 8

has demonstrated even lower drag coefficients to even higher Reynolds numbers

in a towing basin and as a self-powered free-running body. A deduced data

point is shown in Figure 4 from the scanty information available at this

time. Its drag is considered half of conventional drag in a reliable manner

in the real world, that is to say repeatable. Reference 5.

B-6
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THOUGHTS ON HULL SHAPE FOR THIS APPLICATION

To minimize hull drag at the upper end of the Reynolds number regime,

it is important to retain as strong a favorable pressure gradient as possible

all the way to the minimum pressure point. This requires a low length

to diameter ratio and can be enhanced by a shape closer to that of the B-1

of Figure 8 than to the older Dolphin. In the case of the Dolphin, the

pressure gradient becomes more shallow as one proceeds aft, and in combination

with the increasing Reynolds number can result in disturbance amplification

and transition to a turbulent boundary layer before the minimum pressure

point is reached. A more pointed nose shape and tight curvature just aft

of minimum diameter can rectify this to some extent. A combination of low

length to diameter ratio, far aft minimum pressure, and shape for maximum

laminar boundary layer stability produces a severe adverse pressure gradient

on the afterbody. One must avoid separation of the turbulent boundary layer

on the afterbody. The probability of separation increases as the Reynolds

number becomes lower. In this application, the need to maintain station under

wind velcoities of less than 20 knots may become critical from the separation

standpoint. Although the power requirements would be low due to the low

flight speed, the problem of holding heading into the wind with the fins and

control surfaces buried in separated flow should be investigated. The separation

problem may be reduced to some extent by use of the Stratford pressure

distribution as pioneered for airfoils by Liebeck. Reference 6. If practical,

the fins should be placed on a short boom aft of the basic body to increase

tail arm and to place them in a favorable pressure gradient which can clean

up marginal flow. See the Powered Dolphin, Figure 7 and the Free Running B-I,

Figure 8. This feature may be easier said than done on a blimp.

B-IO
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While one could use the Dolphin design directly for this application to

capitalize on its data base and minimize engineering effort or even the

B-1 design if its data base could be made available (not likely), it will

probably be necessary to develope a similar but not Japanese copy as a

best compromise with other inputs peculiar to this particular problem.

Thoughts on this will follow in the sections on recommended analytics

and experiments.

POWER REQUIREMENTS

Combining the Young Theory drag coefficients of Figure 4 with the curve

from Figure 3 provides the power-required curves of Figure 9. Note that this

data is for hull alone with no appendages and is thrust horsepower rather

than shaft horsepower. If stern propulsion is used to accelerate fluid that

has been slowed down by frictionwi_h the hull, it may be possible to obtain

a propulsion efficiency equal to or greater than 100%.

At 70 knots at 70,000 feet, the thrust horsepower requirement of the hull is

15 with laminar flow to 60% projected hull length and 42.7 with fully

turbulent flow. The 15 horsepower which provides 70 knots in the laminar

case would only provide 48.5 knots in the fully turbulent case.

A self propelled version of the Dolphin underwater research vehicle was

tested and is reported in Reference 6. A photo appears as Figure 7. This powered

version did not achieve as low a hull drag coefficient as the gravity powered

research Vehicle. The wave adapted propellers gave an efficiency of 88% as

deduced from a run with the boundary layer tripped. The appendage drag was

computed to increase the hull drag by 26%. Taking these into account, the

deduced hull drag coefficient based on volume to the 2/3 power equals 0.0118.

5-Ii



If we take the volume of 1.45 feet 3, shaft horsepower of 25 and top speed of 35

i....

knots as given in Figure 8 for the B-l, we come up with a coefficient of 0.011.

Note that this coefficient includes the appendage drag and the unknown value

of the propeller efficiency.

POSSIBLE SOURCES OF LOSS OF EXTENSIVE LAMINAR FLOW SURFACE IMPREFECTIONS DUE

TO MANUFACTURE

The divergence of the actual hull contour from the coordinates on which the

!ii._

17:.

iL

pressure distribution was calculated is not too critical as long as lengthwise

history of surface curvature is smooth. Due to the very low Reynolds number

per foot of length at 70,000 feet and 70 knots, the allowable step due seams in

the envelope could be as large as 0.051 inch without tripping the boundary

layer. Since the hull material is a thin film, lap joints will not exceed

0.001 inch in height. The most likely source of troublesome surface imper-

fection would be surface waviness. The conservative criteria of Reference 7

i

:!!!

which was obtained for waves on a flat plate with zero pressure gradient

yields a wave height of 0.015 inches and 0.033 inch for a 6 inch wave length

\

at 10% and 50% of the laminar arc length. In the case of multiple waves,

these critical value is proportional to the square root of the wave length.

This should not be hard to achieve in the envelope construction. If fixed

,"_+,L

{. ,
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loads are supported at specific locations within the envelope local waviness

could results. One should try to spread out load attachment points as much

as possible. Critical wave values also vary as the square root of the wave

position expression as fraction of the laminar length.
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If nose mooring cannot be avoided, the affected region should be kept

j

i.C"

as small as possible to keep it in the low velocity region near the forward

stagnation point and the hardware should be placed in a cavity. The con-

ventional external car should be eliminated, if possible, as the juncture of

the car with the hull will trigger turbulent wedges.

SURFACE IMPERFECTIONS FROM THE FLIGHT ENVIRONMENT

Inspect impingment near the nose has been the most serious problem of

v--: laminar aircraft. Once again, the 70,000 foot altitude comes to the rescue

in this application. The allowable height of multiple insect remains in

about 0.05 inch. The maximum height of insect remains has been found in

Reference 8 to not exceed 0.017 inch. Insects do not rupture and contaminate

the surface below a flight velocity of 20 knots. One can avoid insect

impingement by taking off and climbing above the insect flight regime at

dawn before the insects become airborn.

r ._::

L_._

Laminar flow cannot be maintained in rain but will return about 1 minute after

leaving the rain area. Due to the very long mission time of this application,

it should be possible to take off and climb in fair weather. The mission will

be flown at 70,000 feet above the weather.

L _?'_

i.C:

Frost particles on the surface will be below the critical roughness size.

There have been indications that frost particles traveling through the boundary

layer shed wakes leading to turbulent spikes of short duration. It has been

said that this only occurs in the lower edge of the tropopause. Hopefully

."2_
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the problem will not exist at 70,000. Dr. Paul McCready should be contacted

on this point to insure that this will not be a problem.

Ambient turbulence is another source of premature boundary layer transition.

Flight tests such as Reference 9 have indicated that the scale of ambient

turbulence in the upper atmosphere is sufficiently low and of a scale which

;_'-._,

ft'Z;,

iT,-
t_tq

does not affect the boundary layer. This factor must be considered in the

choice of windtunnel for the development phase of the project.

x

The uniformity of the envelope and the internal pressure should be studied to

avoid the formation of standing or traveling surface waves at high forward

speeds. The very low dynamic pressure at 70,000 feet and 70 knots should

dictate against this becoming a problem.

_{.:

- j
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Long slender bodies generate sufficient circumferential pressure gradients

at angle of ataack to produce large forward transition motion in the plane

90 degrees from the plane of the angle of attack. This does not occur on

low length to diameter bodies because the circumferential arc lengths are

long enough to keep the transverse pressure gradients low. Experimental

data on this point is limited to a hull length Reynolds number of 5 million.

See Reference 2. The dymanic stability of the HAPP should be made high

enough to avoid excessive wallowing Angle of attack excursions of at

least plus or minus 4 degrees should be acceptable.

Noise and vibration can also cause forward motion of the boundary layer

transition point. References 10, 11, and 12 provide most of the known

data. Suction stabilized laminar airfoils were subjected to external

B-14

.:.-



/•i-_j

r

il_

i-."

i<!

ii_i

t<J

longitudinal and trnasverse sound waves, internal sound waves and panel

vibration. Both distinct frequencies and white noise were employed.

Most critical frequencies were found to lie near the upper branch of the

TS amplification curves. Under low boundary layer stability conditions

108 db was found to be critical while at high stability the critical level

increased to 130 db. While electric propulsion will be essentially noiseless,

the beat frequencies of the stern propeller in the wake of the fins could

possibly constitute a disturbance. The fact that the propellers may be

burried in the hull wake shouldhelp to alleviate this problem. The possibility

of panel vibration of the pressure stiffened envelope should be studied.

The possibility of the hull surface temperature being raised above the ambient

temperature must be investigated sinc such a differential acting on the

viscosity can produce a change in the boundary layer velocity profile in the

direction to destabilize the laminar layer. On underwater bodies, the effect

of heat on viscocity is resersed and just a few degrees of temperature

differential can make a sizeable increase in transition Reynolds number. I

have not encountered experimental data in air, but is is believed that

Dr. £1i Roshotko of Case is working on this problem. A general theoretical

treatment is available in Reference 13.

RECOMMENDED ANALYSIS

A family of hulls with length to diameter ratio and position of minimum

pressure as Variables should first be defined using the Parsons Goodson

method of Reference 14. This method yields shapes with smooth curvature
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histories and thus smooth pressure distributions. The resulting pressure

distributions can be computed using Reference 15. Boundary layer calculations

must next be performed by a finite difference method such as Reference 16

and assuming various laminar to turbulent transition poipts. The most probable

transition location in absence of disturbances can be determined by the method

of Reference 17. The best body shape will result from considerations of

practical asepcts of airship construction, the most favorable pressure dis-

tribution from the transition delay standpoint to the minimum pressure point,

and avoidance of turbulent b.1. separation on the afterbody where the lowest

Reynolds number will be the critical case. The probable surface temperature

distribution above ambient due to solar heating should be calculated and fed

into the boundary layer calculations. This may be a source of earlier

transition on the upper surface of the hull. The afterbody separation problems

will be adversely affected by more forward transition locations since the

boundary layer thickness at start of pressure recovery will be greater in this

case. The boundary layer profile at the stern propeller location will affect

the propeller design.

The unstable hull moment slope will be a major input to the dymanic stability

calculations to determine the necessary fin geometry. A limited amount of

experimental data on low drag hull moment slope is available from past wind

tunnel experiments. Fin lift curve slope is complicated by the hull inter-

ference but preliminary fin design can be based on previous emperical

experience.

r,

B-16

....... . L ,



I..C.

_L_3

_J

_:.."

F_

EXPERIMENTAL DEVELOPMENT

Wind tunnel tests in a low turbulence tunnel such as the Northrop 7 by 10 foot

will be most helpful, even though restricted to the lower Reynolds regime

of this application. This will cover the most serious regime from the

standpoint of afterbody boundary layer separation and fin effectiveness.

Artificial boundary layer tripping can be employed to check out the worst

case. In addition to force and moment measurements, surface film can be used

for transition point determination and thread tufts can be employed to locate

incipient or complete afterbody separation.

To cover the upper Reynolds number regime, it would be necessary to employ

the Ames low turbulence 12 foot pressure tunnel. This would provide realistic

laminar extent at the high speed end of the flight regime. Thought should be

given to artificially heat and model surface to obtain an experimental check

on the effect on transition. It is generally difficult to schedule this

tunnel.

It may be desirable to proceed from the Northrop tunnel tests to a scale blimp

flown at low altitude to match the upper speed Reynolds number at 70,000 feet

for the final application. Data collection is more difficult but such a test

program would include the real world problems in a conservative manner.

A further thought on wind tunnel testing is to consider use of a powered

model to determine overall propulsive efficiency as in the tests in Reference 18.

,_._, B-17



)i These were done in the Langley full-scale tunnel which permits coverage
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of the full Reynolds number regime. The turbulence level has been reported

to be too high in this tunnel for laminar work and yet Reference 18 reports

a drag coefficient based on volume to the 2/3 power of 0.01 at a hull length

RN of 17.5 million which would require extensive laminar flow.

APPENDAGE DRAG

Since power requirement minimization is crucial to this application, and

since the vehicle will be unmanned, it should not be necessary to have a

control car of the conventional external type. Likewise; the use of stern

propulsion will eliminate external engine cars. If battons are required to

siffen the nose region, they should be placed internally so as not to trip

the laminar boundary layer. The mooring arrangement and any skin laps will

t;',
!,L'

not constitute an additional drag source for either the laminar or turbulent

case.

) 0

The fins and their support wires, if required, will therefore constitute

the only appreciable appendage drag. Fin design must be carefully considered

since the combination of low Reynolds number, large thickness ratio, and the

possibility of unfair surfaces, if they are pressure stabilized in place of

J_ ,q
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internal structure, Could lead to a large drag addition which would con-

stitute a high percentage increase for the case with the hull extensively laminar.

The contribution of the stern propellers to the vehicle stability will reduce

but perhaps not eliminate the fin area requirements. If there were no fins,

control would have to be achieved by swiveling the props which might be too

complex a development to add to the others.
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The relatively modern blimp design of Reference 18 was a stern-propelled, 3-fin

design. The projected area of the 3 fins was 30% of the volume to the 2/3 power.

In our case, this would lead to 3000 square feet of projected fin area. If

our fins were of low aspect ratio like those of Reference 18 with average span

exposed equal to 0.56 times the average chord exposed, the chord length RN would

be 676,000 and 2,3.67,.000for 20 knots and 70 knots respectively at 70,000.

A 21% thick airfoil, if laminar, could probably have a CDO of 0.006 for the 70

knot condition. With limited laminar flow, the value would be about O.Ol.

If the airfoil surface is too crude, the value could be much higher and perhaps

21% thickness ratio could not be tollerated.

The percent increase due to the condition of 3000 square feet of fin area to

the one million cubic foot hull would be:

A. 23% based on fin CD = 0.006 and hull CDv 2/3

B. 38% based on fin CD = 0.01 and hull CDv 2/3

= 0.008

= 0.008

C.

9% based on fin CD = 0.006 and hull CDv = 0.022/3

D. 15% based on fin CD = 0.01 and hull CDv = 0.022/3

The above numbers are based on the fin area to hull volume relationship of

Reference 18 being adequate for our case when augmented by stern propulsion.

The values do not include the drag of brace wires. Although the drag coefficient

of the wires would be between 1.0 and 2.0 due to the low Reynolds number, the

projected area of the wires will probably be low enough so that the increase

in total drag would be on the order of 2% for the case of the lowest drag

fins on the lowest drag hull.
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II. Potential Flow Computer Simulation

The following is the input and output of the Lockheed aerodymanic

:.';

r _,

--.,-

flow computer program used to calculate a pressure distribution

fo the Dolphin shape. The pressure distribution is representative

of a potential flow pressure distribution. There was no boundary

layer, no transition and no separation included in the pressure

distribution calculations. The pressure distribution should not

be considered valid beyond the true full-scale boundary layer tran-

sition point.
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III. Allowable Waviness Criteria
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III. ALLOWABLE WAVINESS

The allowable waviness to prevent undesired boundary layer transition

L,,_

_:{,.i
',-4

on a passive BLC body of revolution is estimated below. What this

waviness criteria means in terms of airship hull contruction is also

quantified.

; i:"5 '

i_,7":

From Carmichaelg contribution to HAPP (Reference 1),a waviness criteria

is proposed. The criteria, based on spanwise corrugation effects of

flat plat with zero pressure gradient (Ref. gage), yields a wave length

h,-•/

_.._ .;

if>!
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of 0.015 inch and 0.033 inch for a 6.0 inch wave length at 10% and 50%

of the laminar arc length.* Carmichael suggests that in the case of

multiple waves these criteria values should be reduced by a factor of

two. These points are shown in Figure I, Allowable Waviness.

A second criteria is proposed by Warner (Reference 2). The criterion is

based on a data correlation by Carmichael. The criterion, adapted from

data on laminar flow wings with mild boundary layer suction, follows.

_9000 l 2 1/2

h = allowable wave amplitude

x = wave length

l = arc - length from the nose of the
vehicle to the laminar separation
location

* 70,000 feet and 70 knots

,_-, N,.._
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The criterion, referred to as the Carmichael Criterion, is also shown

in Figure 1. The relationship between wave amplitude and wave length

in the Carmichael criterion was used to expand the two Fage data points.

This too is presented in Figure 1.

i"__;_

Carmichael mentions that the Fage data points, calculated with zero

pressure gradient could be as much as 7.3 times as low as the Carmichael

data points, calculated with a favorable pressure gradient. The Fage

data points are also representative of a single transverse wave and

Carmichael states that the waviness requirement could halve as a result

of multiple waves. Also, the Fage data indicates that the waviness

{:.

requirement (assuming zero pressure gradient) is more strict at the

nose of the hull. The decrease in allowable wave heights are due to

the decreased boundary layer thickness at the forward area of the

Fage zero pressure gradient plate. Since the hull pressure gradient

is not zero, and becomes increasingly favorable as one moves forward

of the minimum pressure point, this effect should compensate for the

thinner boundary layer. The favorable hull pressure gradient should

_L

i',C

;.;-i_

also compensate for the effect of multiple waves. Surface h_ating will

also effect the waviness requirement by altering boundary layer charac-

teristics. For lack of data, this waviness criteria does not include

the effects of heating.

)_?y
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In view of these various considerations, the waviness requirement

shall be;

h
-- = .0467

,,T

I-:- -

ic. _

,,'.1

""LI

.., ! :

h = Wave Amplitude IN

= Wave Length Ft

,. ;_

_ .033" - .0467 I_..N.N
v"CTF'- /PF

"Z -..

-'...:,

f f'_,--_

Hull construction must be tailored to meet the waviness requirements.

Panel seams and dimensional accuracy requirements to meet the waviness

requirements are estimated below.

Panel Width Tolerance

Assume: 100 Foot Diameter

_c,:,i

_C:

70 Inch Fabric Width

4 Feet Wave Length

With x = 4 foot, h = .093"

So radius must not vary more than .093" in four feet.

# of Gores = Circumference = x 100 • 54 Gores

Panel Width 70/12

Total Circumferential Error = 2xRerro r - 2x(.093") = 0.58"

Tolerance in Single Panel Circumferential Error =_== # of Gases
.0107 _ 0.01

li;F

! ,.;_ -
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ALL PANELS MUST BE CUT AND SEALED -+0.01" in 4 feet

-+0.005" in 1 foot

-+0.032" in 50 feet

G":::
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PRIMARY ADVANTAGE"
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AI IN RAN_ OF SI:I_S:OF INT_ST.. DELTOID WOLLD ONLY PROVIDE

ADVANTAGE AT HIC.._'IVEI.J3CITIF._(,ABZ)VE_ _K_I'S)

BI" IN TI.,EHAPP MISSION PROFILE,

81]KNOTS,

WINI_SWILL ALWAYS BE LESS THAN

C, POOR vQ..LI,__=FICIBCY., INCREASIZ)STRUC?_ WEIGHT OVER
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THIS Cc._FF HAS B_ F..I_IMII'tATE_,--RCMFL;RThERE'VALUATICN,

C-1



i?.

b_7;

"DELTOID FEASIBILITY ANALYSIS by William Putman

For a deltoid of elliptical cross section * and with an NACA OOXX airfoil

section, steamwise, it can be shown in the "NACA Four-Digit Thickness

t

Distribution Summary" at the end of this appendix that V = 0.452 K(-_-_oot.

where

K = tan (leading edge i/2 apex angle)

(t/c) = thickness ratio of root airfoil section
root

m (t/c) _ O_XX for NACA OOXX
root

C3

ff.i

i ;.e

and C = root chord, giving finally
3

BA = 1.58 x 10 -3 K (t/c)
root

_-_]

_t 3

* The ellipsoidal cross section is the preferred shape from a volumetric

and structural efficiency standpoint and is a patented development of

the Aeveau Corporation, Princeton, N.J.

_.-._

!.-_l
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For the aerodymanic lift, LA , we can write LA= q SA CL ,

where SA _ platform area = K C2 and q is the dymanic

pressure, q = .058 x .001180 V2

6.8g x 10-5 V2, psf

We now have the deltoid hybrid gross lift exprssed as

GWA = 1.58 x 10-3 K (t/C)ma xC i + K CL (½pV2)2 .

i!ii
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Turning now to the drag aerodymanics, for the conventional airship, we can

use Hoerner (I) to express:

CD = Cf [3 (I/d) + 4.5 (d/l)½ + 21 (d/li2
frontal

= 0.042 for Cf = .003 @ Re = 107 .

Assuming, for present purposes, no aerodymanic lift in the case of the

conventional airhsip, the above expression is complete for airship drag.

{_=-i
I'L

In the case of the deltoid hybrid, both profile and induced drat terms will

exist. For the accessories required herein, the developments of Putman,

will suffice and drag coefficient components can be expressed as:

ii

L.::

CDo = 2 CF 1_+ 1.2 (t/C)root

2 2
CL CL

CDo = =_r A_e 4_-K e ,

* 60 (t/c) 4 -_

roo__J

based on planform area

Where _R = 4 K and e is a Frost - Rutherford leading - edge singularity

;:_i_

factor dependent on leading edge radius Reynolds number. For the vehicle

size, velocities and altitudes of intent, Ke can be assumed = 0.08.

We now have complete parametric expressions for the lift, drag, and hence,

lift-to-drag ratios of both conventional ellipsoidal airship and the

...._ deltoid hybrid. By means of these expressions and an assumed veloctiy

_*;.._

:_
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profile we can make a quant_tive comparison of the two types of vehicles in

performing the HAPP mission.

[ •

r"

r+.+

._.+_

Combining the previously developed expressions for and , we can
• CDA CLA

express the dimensional drag as:

DA + 2 q CF K c2 [i + 1.2 (t/C)root + 60 (t/C)_oot]

_8050 1,58 x 10.3 K(t/c) root C3] 2, lb.

6.9328 x 10-4 V2 K2 C2

i L'."
i +

"__.L

I .

•.. l _

DA,

70K

Evaluating the drag expression at a standard density altitude of 70,000 feet;

4 C2 V24.14 x 10.7 [1 + 1.2 (t/C)root + 60 (t/C)root] K

+
.061412 .06008 (t/C)root C2__ 2 , lb.

L_KcV V

{:L:

1_
r +.;

and correspondingly for hte conventional airship of 3.1 fineness ratio and 7138

Ib gross lift;

DA/S70K - 2.75 c 10-2 V2, lb.

The expressions for steady level flight power required follow as

?: FP

i ¸

.i,t

!i-_
; .

= + 60 (t/C)4r. ] KC2 V37.53 x 10"10 [1 + 1.2 (t/c) r

_--3"05 x i03 - 2"57 x i0"4 (t/c) C_ 2 V'H°rsep°wer'KcV V root

A/S • 4.99 x 10-5 V3 Horsepower

_+.!+
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In order to affect a remainingful comparison of the deltoid hybrid and the

r_

_.L..

conventional airship in performance of the HAPP mission, it will be

necessary to prescribe an operating velocity time history representative of

the year-on-station HAPP mission. Utilizing this profile and the power

required expressions, we can then obtain a mission energy requirement as

well as peak power requirements. These two indices must be then used to

judge the relative merit of the configurations.

The following parametric field is suggested to be adequately representative

for the deltoid configuration in the HAPP mission.

(t/C)root = 0.20, 0.25 and 0.30

K = 0.25, 0.50 and 1.00

= 150 , 200, 250, and 300 feet

F,/.r

F;_._

!
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INTRODUCTION

This report describes various aspect s of the work performed for ILC

by Developmental Sciences, Inc. (DSI), on the HARP program under

Contract No. NAS 6-3131.

1"7_':

ej:

While much of the work under this contract has already been submitted

in the form of report viewgraphs, progress reports, verbal presentaions

during visits, etc., this document serves to refine and condense in one

place the efforts devoted to avionics, propulsion, and system relia-

bility in response to ILC letter request dated February 9, 1982.
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l.O AVIONICS

i.I Architecture

Figure (I) shows a proposed architecture for the avionics system. This

scheme was configured to maximize reliabilitx. Devices such as vertical gyros

(for attitude measurement) have been rejected because of the relatively poor

reliabilitE of this type of device.

The sensor suite is listed below:

Heading Sensor Used to measure magnetic heading for the

purpose of aligning the ground power

transmitting antenna. This would be a three-

axis device, augmented with attitude data

supplied from _he strapdown system. Magnetic

heading would also probably be required for

certain kinds of mission payloads.

Ai r Data Pressure transducers are employed to measure

baro altitude (h) and airspeed (V). This

information is used ?or outer loop altitude

control (h), and in gain scheduling (V).

Inertial Instruments Yaw rate (_) and pitch rate (B) are

measured by means of inertial quality rate

gyros. Vertical and axial acceleration (az

and ax) are sensed by means of inertial

quality accelerometers. Together the latter

three instruments furnish the information

required for strapdown computation of pitch

attitude. All of the four sensors are also

employed for inner loop damping of yaw and

pitch rates.

r:_r.,.
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The ground based data link fu_'nishes information on position error (via

a tracking antenna) to the airborne flight control computer.

As shown in Figure (1), all sensors are triplex. The reasons for this

choice become evident from the analysis of Section (1.4).

The output functions of the system are comprised of the downlink, the

control surface actuators (6e, and at)" the propellor pitch servo (6B), and

the four electric motor control actuators (6p). Each actuator is configured

as shown in Figure (2), with two motors driving through a common differential.

Individual feedback potentiometers are used on each motor.

Triply redundant power supplies are used to convert from the rectanna

raw power to conditioned power required by the avionics. Two of the power

supplies are on standby in this scheme.

A dual redundant liquid cooling system is included to collect dissipated

heat from the avionics (and payload). The system would be designed to "cold-

soak" the avionics, especially the computers in order to enhance relia-

bility. It would consist of two small (~ 3 feet 2 face area) glycol-water

radiators with cooling lines connected to cold plates built into the various

avionics boxes.

The airborne flight control computers are duad-redundant. Computer

capacity is roughly estimated at 2 K of PROM and 2 K of RAM. The processing

rates vary as a function of the particu_,ar computations being perform'ed

Strapdown computations w)uld be done at about SO bits/second, while other

flight control functions would be computed at 25 bits/second and less. The

computer would be based on a microprocessor in the class of the

Z-8000 or the MC _8,000.

To maximize computer reliability, it is desirable to maintain the cold-

plate at a temperature of about O°F.

r:,

}:i<; '

Weights and Power

Table (I) shows a weight breakdown of the avionics system, based upon

."j

"6e = elevator deflection, 6r = rudder deflection.

D-3



-:,:, DEV ]'CE NUMBER WE _GHT (LBS 1

,.: Magnetic Heading Sensor 3 7.5

": Altitude Sensor 3 1.8

_.:-_ Ai rspeed Sensor 3 i.8
F;.'

_,_ Yaw Rate Sensor 3 2.4

.. Pitch Rate Sensor 3 2.4

_::_i! Verti cal Accel er ometer 3 1.8

Airborne Right Control Con_uter 4 36.0

_;,: Power Supply 3 21.0

Ai rborne Data Link 4 48.0

_:':_ Actuators 8 40.0

...... Cable H_rness I 5C.0

_,_ Insta IIat ion - 20. 0
.,.,

i _,:-

_:> Avionic_ Cooling (Liquid) 2 2_.0

F-.",:

" :' TOTAL 258.7 LBS

t ;:)'!

::>.

AV ION ICS WE IGHT BREAKDOWN

TABLE (I)

'7!" "

,?..

L::-,

-!::,'.
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data assembled on other DSI programs..

by the flight control system.

Table (2) presents the power consumed

•. TT-

1.3 Redu,pdanc_ Management

The following elements of redundancy management would be included:

o In-line monitoring (reasonableness)

o Sensor/Actuator/_mputer self-test

o Cross channel voting

!

All system elements would be cross-strapped where practical, In this

way, very high coverage on fault detection and isolation can be achieved.

purposes of simplicity in predicting faults fop this preliminary exercise,

100% coverage will be assumed.

FOr

W_,_"

,_:o:

1.4 Reliabilit I Estimate

Figure (3)shows the reliability block diagram for the avionics

system. Dashed line boxes indicates units on standby. Table (3) gives

failure rate data for each of the components shown in the block diagram.

Using classical reliability prediction methods, the following values are

obtained for this system (assuming one of each required for success).

TIME PERIOD RELIABILITY

3 months .9076"

1Z months .2727

It should be noted that actual values would be somewhat lower since fault

isolation coverage is not accounted for, as discussed earlier.

* This number has been changes from the original value of 0.8997 published in

this report, A mathematical error was discovered by ILC.

i. ,,
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DEV I CE
i

Mag. Heading Sensor

Air Data System

Static and dynamic pressure

tranducers (Ps and Qc)

Strapdown Ins.

NUMBER
!

POWER COP'SUMED

(_ Channels)

1.5 watts

1 (triplex)

1 (dual)

5 watts

125 watts

."Ji

Airborne Flight Control System 200 watts

Airborne Data Link 150 watts

.... = _

i.',

ZY-Z/

...+

Control Surface Actuators

Power Supply" I (at any time)

Tot aI

250 watts

400 watts

1,132 watts

_-:
*For 5 KW payload + avionics.

i +_

:,;'.

AVIONICS POWER REQUIREMENT

_.;; TABLE (2)

_"r:i

i_;;

f/',_

?LT

.; ._
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DEV I CE

Magnetic Heading Sensor

Altitude Sensor

Airspeed Sensor

Yaw Rate Sensor

Pitch Rate Sensor

Vertical and Axial

Airborne Flight Control

Computer

Power Supply

Airborne Data Link

Actuators (Dual Motors,

Common X-mission)

Cable Harness

Cooling System

Accel erati on

FAILURE RATE

(Per Million Hours)

SOUR'CE

40

37.5

37.5

95.0

95.0

55

150

4B

330

5

3

!0

Develco

Rosemont

Rosemont

Draper Labs

Draper Labs

Draper Labs

LSI Based on
M IL HDBK 217 c

Electropacific Summary

Report, Ref. DSI P.O.
13836

Vega Precision Labs

LS I

LSI

DS I

}.:.:!

AV IONICS FAILURE RA_ VALUES

TABLE (3)

I"T:-_,..J:
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2.0 POWERPLANT

2.1 Confiouration

The block diagram of the airborne powerplan: (prime and auxiliary) is

shown in Figure (4). This diagram characterizes the airborne end-to-end

function of the propulsion system. The receiving antennas on the airborne

platform (R) convert the RF energy into electrical power at about 250 volts.

The cable harness (CH) transmits this power to a series of four Samariam

Cobalt brushless motors, each in the 25 to 50 shaft HP size range. Shaft

power is transmitted through a pair of dual input gearboxes, then into a

sprague clutch combiner and finally to a single variable pitch propellor.

Auxiliary power is brought on line as shown in the block diagram. This power

is furnished to the electric motors by a turbo-generator unit.

This particular arrangement was chosen over other configuration studies

because it appeared to maximize reliability per unit cost and weight.

h..

_-._ .:

2.2 Electric Motors
il

The Samarium Cobalt brushless d.c. motor was selected over other

candidai:e (Table(4)) systems for three basic reasons:

High power to weight ratio

High efficiency

Ability to generate output power over a wide range of toraue

and shaft speeds.

w

The last reason is important because of the necessity to generate power

efficiently over a wide range of altitudes and propellor advance ratios,

especially during ascent/descent to and from station-keeping altitudes.

Present state-of-the-a_ motors of this kind and in this power class

have weight to power ratios of about 2.5:1 Ib/H.P., including controllers End-to-end

efficiencies are over 90%.

Each motor will re(luire liquid cooling. A common radiator for each pair

of motors would be provided to reject dissipated heat to the atmosphere.

" L:,_
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TYPE
i

Samarium Cobalt

Permanent Magnet
a.c. Motor

(Brushless)

Samarium Cobalt

Permanent Magnet

d.c. Motor (Brush)

Wound- Fiel d

at/de Motor

(Brush)

CHARA CTER !ST ICS

Very High Efficiency (.85 < n< .g)

Very High Power/Weight (2.5 Ib/H.P.)

Wide Control Range

Control Technology New

Reliability TBD (Switching with each Rev.)

High Efficiency (.8 < n < .85)

Very High Power/Weight (2.5 Ib/H.P.)
Difficult to cool

Narrow Control range

Electronically Noisy

Life Limited by Brushes

Modest Efficiency (.7 <

Heavier (_ Ib/H.P.)

Wide Control Range
Difficult to Cool

High Torque

Life Limited by Brushes

n < .75)

i;i)

,...,

Induct ion Widely Controllable (speed

Heavy (10 Ib/H.P.)

Freq. )

i: T,

CHARACTERISTICS OF VARIOUS TYPES OF ELECTRIC MOTORS

TABLE (4)

[c',_
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_."=. ..- Unfortunately, at this time, little failure rate data on this type of

motor is available for reliability estimates. Table (5) summarizes the

characteristics of this type of motor.

2.3 Gear Box

The propellor analysis (Section 2.6) indicates the need for two-speed

output to accommodate the range of altitudes and advance ratios required.

For reliability reasons, the reductions will be accomplished in the

following two steps:

I) Two speed dual input gearbox for each pair of motors.

2) A single fixed ratio (2:1) sprag' clutch combiner.

_.:'_

:.%._ ,,

g-,,

i¸:_._

Figure (5) shows a schematic of the dual input planetary gearbox. Its

operation can be summarized as follows. The input from each motor is provided

by quill shafts designed to isolate _he gear train, particularly the input

reduction set, from any torclue fluctuation of the motors. Each input "drive

incorporates an engine disengaging feature which operates (without sensors,

control circuitry, or actuators) when the drive torclue of one motor passes

through zero _.o a negative value. This is accomplished with a helical scroll

;jstem which reacts to torques solidly to the gearbox case in one direction, but

which rotates and moves gears axially out of engagement when torque is

reversed.

The gear train, comprised of four gear sets, provides for continuous

correct phasing of both motors which run at identical rpm. The gear sets

include an input planetary set for each motor, a spur gear transfer set and an

output planetary set which incorporates the speed changing mechanism. The

gearbox overall reduction is !1,11 to 1 in low ratio and 7.33 "co I in high

ratio. Speed change is accomplished by means of a multi-plate clutch and a

sprag clutch with the output planetary set. The speed changing system

sustains power through all gear changes and has no possibility of neutral. In

the event of a clutch failure, the unit will drive at the higher ratio.

ii>,__
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Type Synchronous, 8 poles, permanent magnet,

3'phase, brushless A.C.

"_:'_ P owe r

r,J.

30 H.P. @ 4500 R.P.M.

:_:_ Wei ght 65 Ibs.
C;:

F,'-F
•, c

v

Efficiency 95% @ 4500 R.P.M.

Voltage 250 V d.c. @ I00 A

NRE Required 250 K (!2 Mtrs)

Motor Cost 20 K/Unit

(Prod.)

._,_,'-__'i ELECTR IC MOTOR SPECIFICATION

:_ TABLE (5)

r;,
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The combiner is a simple 4:1 ratio sprag clutch transmission, whose

disengagement function is similar to that described above. This unit combines

torque inputs from each motor pair into a single output shaft at propeller

speed. The end to end efficiency of the gear reduction system is estimated to

be 0.95.

A single propeller was chosen to operate symmetrically in the wake of

the body, and hence, give maximum efficiency. Two, counter-rotating pro-

pellers were considered to enhance redundancy, but this scheme was finally

dropped because it was felt that failure of one would in fact cause failure of

the ot her.

Table (6) gives the weight summary of the prime propulsion system for

100 SHP total.

2.4 Auxiliar7 Propulsion

A turboshaft driven electrical generator is used to supply electrical

power to the electric motors in the case where no power is available from the

rectenna system (auxiliary divorced scheme). One can also consider a

configuration where the auxiliary power is used along with the pri_ power

system to increase the total power to the propeller shaft (auxiliary-coupled

arrangement). The latter case would, of course, require the electric motors,

transmission, and propeller to have greater capacity.

The turbine engine used for this application would probably be a modi-

fication of an existing unit, adjusted to operate at the higher altitudes.

Prelimina_ studies conducted for DSI by various engine companies (e.g.,

Garrett, Solar, a'nd G.E.*) on other programs suggest that a power to weight of

nominally 4.0 Ibs/H.P. at 65,000 ft for the basic engine, delivering shaft

power at around 40,000 --> 50,000 rpm. In this size range and at the maximum

altitude under consideration, one could expect an _SI_Cin the range of .40 to

•52 KG/KUHR.

It should be noted that the re-configuration of an existing engine for

this application would be a relatively costly undertaking.

'L_'

e.g., the G.-" CT-7.

!_.=,'i D - 17
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4 MOTORS/CONTROLLERS

2 COOLING RADIATORS

2 GEARBOXES

I COMB INER

PROPELLER

WIRE HARNESS

RE CTENNA

MISCELLANEOUS

(25 H.P. )

TOTAL

LBS

260

,_0

50

20

65

100

DID

50

585

:.L::

PR IME PROPUL$10N WEIGHT BREAKDOWN

TABLE (6)

i, }
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An electrical generator of the Samarium-Cobalt type operating at these

rpm's in this size range would weigh about 1.5 Ib/H.P. (including condi-

tioning). Adding an additional 20% for cable harness, installation, and

miscellaneous items, the installed auxiliary powerplant weight to power ratio

would be about 6.6 Ib/H.P. For I00 available H.P., the installed weight of

the auxiliary would be about 660 Ibs.

2.s Propel!er

The propeller is a two-blade, fifty-foot diameter, variable pitch

design. Power absorption of the propellor is held constant during climb to

altitude by adjusting proDellor blade pitch and by selecting the appropriate

gear ratio in the two-speed gearbox.

2.6 Propell_er Aerod_,namic Design and Perfe_mance

The propeller aerodynamic design was generated with the aid of a DS!

computer program that is based on an algorithm published by Dr. E. Zugene

Larrabee of the Massachusetts Institute of Technology. This program optimizes

the radial distribution of local chord times lift coefficient, producing a

propeller that exhibits minimum induced losses at the selected design

conditions (forward speed, rpm, power, etc.). The resulting radial distri-

bution of blade loading is analogous to the (optimum) elliptical loading on an

airplane's wing.

Propeller performance in operating conditions different from those at

the design point is predicted using a second computer program that is based on

another Larrabee algorithm. This program accommodates changes in flight

speed, rpm, blade pitch angle, and local air density, and computes thrust

delivered, power absorbed, and efficiency. The Prandtl-Betz-Goldstein tip-

loss correction factor is incorporated in the algorithm, ensuring good

correlation between computer-predicted and experimentally-observed perfor-

mance characteristics.

Because the climb to altitude encompasses such a wide range of operating

conditions, multiple propeller speeds are required. (Not even the provision

for variable blade pitch angle is sufficient to efficiently, accommodate the

D-19
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range of flight speeds and air densities encountered during climb.) _roper

selection of the design operating point from within the range of operating

conditions can minimize the number of speeds reouired. Designing the

propeller for full-power (!50 bhp) operation at 60,.000 ft results in excellent

efficiency throughout the climb to 70,000 ft, using only a single gearbox

ratio change. The blade geometry generated by this design/evaluation

iteration is shown in Figure (6).

Propeller operation during full-power climb to altitude is shown in

Table (7) "and Figure (7). The propeller is run at low speec_ (90 rpm) and

"flat" pitch at sea level. As altitude increases, the blade pitch is

progressively "coarsened", until the vehicle reaches 42,000 ft. At this

point, the gearbox is shifted into its high-speed range (135 rpm), and the

blade pitch angle is simultaneously reduced. The climb from 42,000 ft to

7(],000 ft involves a second coarsening of the blade pitch. Note that the

optimum efficiency is not obtained at the station altitude of 70,000 ft. This

is a consequence of not only the selection of 60,000 ft as the design altitude

(discussed previously), but also Reynolds number effects. Note, however, that

the deviation between on-station and maximum efficiencies is only 2 i/2

percent, and furthermore, that the best efficiency occurs at shear-layer

altitudes, where maximum efficiency is most beneficial in minimizing "drift".

Partial-power operation at any altitude can be achieved by running the

propeller at "flatter" pitch angles than those seen in Figure (7). While this

may entail reductions in operating efficiency, this is a less critical con-

sideration at reduced power levels.

2.7 Prime Propulsion Reliability,

Figure (8) shows a reliability block diagram for the powerplant. The

failure rates (in failures per million hours) for each component are given in

the blocks.

The blocks to the left of the dashed line are associated with the RF

transmission elements. It is believed that very little knowledge of failure

rates exist for this element. The assumed values are merely estimated.
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0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

52.5

55.2

58.1

61.3

64.8

68.6

72.8

77.5

83.6

90.6

98.0

106.2

115.0

124.5

135.0

sl}f 3

.002377

.002049

.001757

.001498

.001270

.001069

.0008933

.0007407

.0005894

.0004642

.0003657

.0002880

.0002269

.0001788

.0001401

I

.0001564

.0001776

.0002013

.0002203

.0002633

.0003017

.0003488

.0004057

.0005056

.0006423

.0008159

.001036

.001316

.001671

.002143

AS

PROPELLOR SETTINGS

FUNCTION OF ALTITUDE

TABLE (7).

£

£

£

i

£

£

£

£

h

h

h

h

h

h

0

-I0.5

-9.2

-7.9

-6.5

-4.9

-3.2

-1.3

+0.8

+.3.5

+6.5

+6.9

+4.7

-2.2

+0.4

+2.8

+6.
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The blocks to the right are related to the power drive system. The

failure rate numbers quoted are based on analyses performed on other programs

by DS I.

The prime propulsion reliability for three month and one year periods are

summarized below,

PER IOD RE L IAB I L ITY

3 Mo. .9303

lZ _. .7282

3.0 SYSTEM RELIABILITY
m,l ii

Figure (9) shows a block diagram of the system elements.

failure rates are tdken to be :0 ;allures per million hours,

system was assumed in this analysis to be completely reliable.

The system reliability summary is given below:

Ai rframe

The C3 _rou+id

PERIOO RE LIAB ILITY
iii m

3 Mo. .8351"

12 Mo. .1821

It should be noted that these values do not include payload.

* This value is based on a corrected avionics reliability shown on Page 7

of this Appendix. The original figure published in the report was 0.8191.
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APPENDIX E

THERMAL DATA AND TRENDS

\

This appendix contains the HAPP Thermal Equilibrium Program, Attachment EA,

for computing gas and skin temperatures during flight, and a set of graphs

depicting sensitivity of the temperatures to variations of the thermal factors.

Figures E2 through E15 present the sensitivity information. Each curve

represents variation of one parameter on an arbitrary baseline representing

a possible HAPP flight situation. The baseline values are listed in Figure El.

It is to be noted on all the graphs that TTC and TBC are top skin and bottom

skin temperatures, and that gas temperature, which is notshown, lies halfway

between them.

Figures E2 through E5 present solar parameters which have an effect only

- during the day. Other factors are all presented for nighttime only, (solar

flux zero) but would also have an effect during daytime. Figures _6 through

E15 are nighttime values, all associated with infrared energy (except the

convection graphs).

All factors except convection have a significant effect. Convection is

graphed only for low values expected at the altitudes and airspeeds where

day-night temperature swings are most critical. The source for the convection

coefficient value is given in Figure E16.

The influence of each of these thermal factors is to some degree additive to

the influence of other factors. We are most concerned with the factors that

E-1
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cause in-flight changes of superheat or supercool, which is primarily solar

flux. Changes of ambient temperature per se are not Serious, except that

the hottest temperature experienced by the airship gas fixes the mass of

helium in the ship and thus its aerostatic lift. Therefore, this "hottest"

temperature is an important design consideration.
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APPENDIX E - ATTACHMENT EA

THERMAL EQUILIBRIUM PROGRAM FOR HAPP

! of J

26 April 82

C'T

v:S

,: .°

C!;I;

,:.:.

':/ 049

L'.".

!, .>/ /"

_y-,:

ri= " .

'?.':

_;0 05 : "THEREDD iv.J_._........ = THEFcEQf_ -'._APB._"_ WITH 5,_=SD:Z._o TO GIVE _.'_C-". DAY-MiTE I'IFF MAT3H!,_G
-_PP _ASELINE D!F_. I-AND-VAL_ FRO_ AMBIENT NOT THE SAUTE"

35 HOME ; PRIi_T'FOR NO PRINTOUT SET PR=IO"
3; F'_ = "PROGRAm THERETO OF ,.oAFRB._ : PR$ i: PRINT _'$: F'R$ 0
50 RE_ ;THEREQD IS SAME AS ORIGINAL THERE(] WITH F'ROGRAn IMPROVEHENTS. IT DIFFERS FROM THERE:

FOR IR INWARD FLUXES. THIS PROGRAM RETAINS B3,B-_,U4 WITH EARTH AND ATHOS TEMPS INPUT
51 REM THEREDC HAS INWARD IR FLUXES AS DIRECT INPUTS; THEREQD OF 2oAF'RB2 GIVES SAME RESULT

aS THEREQC WITH THE SET IiAF'UTS

iO0 PI = 3.1_1o:S = 1.71_E - 9_PT = O;PN = O; PR# 0
i50 Z = oSO00;KT = O; PRINT Z,KT
i55 INPUT "CHANGE ALTITUDE OR AIRSPEED (Y/N)'_A$
i56 IF AS = "t" THEN GOTO 15B
157 _OTO 250
15B INPUT 'NEW ALTITUDE Z, AIRSPEED KT,='_Z,KT
250 VO = 3.1_16: PRINT VO
_97 INPUT 'CHANGE VOLUME, Y/N';B$
29B IF D$ = "Y" THEN GOTO 300
299 GOTO 350
300 INPUT "VOLUME=VO='_VO
350 A = 5.B_B * VO t (2 / 3)
•00 LQ = .I; PRINT LQ
+_7 INPUT "CHANGE ITERATION LIMIT LQ ? , YIN ";C$
_+8 IF C_ = 'Y" THEN GOTO 150
+_ GOT(]500
_50 INPUT IITERATION LIMIT FOR QU=LQ="_LO
500 E1 = .79a:E_ : .796; PRINT EI,E_
5_7 INPUT 'CHANGE IR OUTSIDE E_ISSIVITY?, YIN ")D$
5_B IF D$ = "Y" THEN _OTO 550
_=9 GOTO 000
55_ INPUT 'IR EHISSIVITYS, OUTSIDE, TOP=EI=,BOT=E*="_EI,E¢
o00 E3 = .773:E_ = .773I PRINT E3,E_
o_7 INPUT "CHANGE IR INSIDE EMISSIVITY ? , _/N";E$
O_B I_ E$ = "Y" THEN GOTO _50

_OTO &71
_50 INPUT 'IN EMISSIVITYS, INSIDE,TOP=E3=,BOT=E6= =";E3,E_
o71 E2 = .6765;E5 = .o865: PRINT E2,E5
o72 INPUT "CHANGE ATMOSPHERE OR EARTH EMISSIVITY ?, Y/N'_J$
07_ IF J$ = "Y" THEN GOTO67B
076 GOTO 700
078 INPUT 'ATHOS E2=, EARTH ES=_;E2,E5
700 FS = 000: PRINT FS
705 INPUT "CHANGE SOLAR FLUX FS, Y/N?';F$
710 IF F_ = 'li"THEN GOT(] 720
715 ¢0T0 725
720 INPUT 'SOLAR FLUX, FS= ";FS
725 SA = .19;3D = ,I?: PRINT SA,SB
730 INPUT "CHANGE SOLAR ABS TOP SAT OR SOT 5B? Y/N?';S$
735 IF S$ = "Y" THEN 745
7_0 GOTO 760
745 INPUT 'SOLAR ADSORDTIVITY,TOP SA=?, DOT SO=? ";SA,SB
760 L = .Ii: PRINT "L==L
762 PRINT 'ENVIRONMENT FOR ALBEDO 'L':"
t63 PRINT "USA CLEAR DAY, L=.II"
76_ PRINT 'USA CLOUDY DAY, L=.52"
765 PRINT 'ARCTIC CLEAR DAY, L=.36"
76_ PRINT "ARCTIC CLOUDY DAY, L=.79"
?67 INPUT 'CHANGE ? ALDEDO, Y/N?';FD$
768 IF FD$ = "Y" THEN GOTO 770
769 GOTO BOO
770 INPUT 'ALBEDO, L=';L
BOO HI = .02:H2 = .OS: PRINT HI,H2
8_7 INPUT "CHANGE ? CONVECTION COEFF!CIENTS?_ ,Y/N "_$
B_S IF G= = "Y= THEN _OTO 850
8_9 GOTO 900
850 INPUT "CONVECTION COEFFICIENTS, OUTSIDE=HI=, INSIDE=H2= -";H1,H2
900 TA • _06.2:TE = 501: PRINT TA,TE
°¢7 INPUT 'CHANGE ? AMBIENT OR EARTH TEMP?? , YIN ";H$
_8 IF H$ = "Y" THEN GOTO 950
?_? GOTO1075
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i090 NN - O:MM = OI PR# 1' PRINT P-;: PRf 0
• i100 TT " T_ _, DT:TD -- TG - DT

;- _ t f' "-J o1,_0 REX : CALCULATE,5 TOP NET HEAT, QU
- 1"00 UI = - i * .5 .¢ El * TT t 4. , A / 2

L250 U2 = HI /I ABS (TA - TT) t (4 / 3) _t(A / 2) _ (TA - TT) /
:300 U3 = FS * SSA _ A / PI
1350 IR(1) " ,5 * E2 * TA t 4;U4 = IR(1) z El z A / 2

F:' l+O0 D7 = - .5 * E6 * TB t _ * A / 2
i.>: 1._50 U,_ " - @7
_ tSO0 U6 = - .5 * E3 :#_TT t 4 , A / 2

L550 U7 _" H2 _ ABS (TG - TT) t (4 / 3) * (A / 2) * (TG - TT) /
.y.: L600 OU = U1 ÷ U2 _" U3 ÷ U4 _-U5 ÷ U6 _"U7
' _: L6_O IF PT " 1 THEN PR@ 1
!"' '450 PRINT : PRINT

t_51 PRINT "UI"'UI: PRINT "U2="U2: PRINT "U3 ,, "U3: PRINT "U4 =
1700 PRINT "B7='D7: PRINT "U5="US: PRINT "U6='U6: PRINT "U7='U7

::_ 1750 PRINT "OU="QUl" S-

, :: 1751 PRINT
!?:;_ _755 PR# 0

L300 IF ABS (QU) > LQ THEN _OTO 2750
i aSO

?50 "INPUT " TEHP DE_ R, AMBIENT= TA=, EARTH=TE= =';TA,TE
1075 Tg = 390:DT = 10
!080 PRINT "INITIAL GA,5 TEHP TG, AND GA,5TO ,SKIN DIFF DT, SET AT 400 AND 10"

AB.5 (TA - TT

ABS (T_ - TT

"U,_

REM : CALCULATES DOT NET HEAT
_:::" _900 B I = - I * S * E4 .*TD t -t, A / 2.
E::_:) i750 B2 = H1 * ABS (TA - TD) t (4 / 3) * (A / 2) _ (TA - TD) / AB,5 (TA - TT_)
::- :0,_0 IR(5) " ,5* E5 * TE t * _.(i - E2):B3 = IR(5) : E4 * (A / 2)

2050 IR(6) =,.5* E2 * TAf 4:D._ =.IR(a) * E4 * A / 2
• 20aO IR(2) " IR(5) ÷ IR(_)

:- _150 B6 =' - U6
"- 2200 B7 = - ,5* E_ * tB l' 4 , A 1 2

,-_= ABS (TG - TB)_._._0B8 = H2 * ABS (TG - TD) I'(* / 3) * (A / 2) * (TG - TD) /
", 2.300 QB = Bt _"B2 _" B3 + B4 _"B5 _"B_ _"D7 ÷ B8\ :-r

::i_ 23+0 IF PT = I THEN PR# £
. .")i.",, 23_0 PRINT "BI--"])I: PRINT B2=,"B,., PRINT "B3="B3: PRINT "D4--"D4

2+00 PRINT "B._='DS: PRINT "B6="D6: PRINT "B7='BT: PRINT "BB='D8
•_ i¢-,.4._0 PRINT "QB='QB

:;"-'_ 2_51 PRINT
i-:._.; 2_55 PR¢ 0
,--L_j 2S00 IF _B,5 (:-_B):>(2 '¢LQ) THEN GOTO 2?00

:.502 PRIi_T 'SET PR=IO FOR NO PRINT"
2505 PR@ I
_._06 F'R = I0 THEN PR* 0

:_'_ 2.507 PRINT
I.T "¢" t._.0 GOSUB ."000

_I_ PRINT "E1,E4,E3,E,_ = "_Ei;" ";E+;" ";E3;' ";£5
,_::' Z514 PRINT 'E2,E5 = ';E2;" "_E5
',:.:i 2.516 PRINT "FS, ,SA, ,SB ="g,5_" ";SA_" ";,SB
/!:'! 2517 PRINT "L = "L

251_ PRINT "H1,H2 =' ';Hi;' ";H2
2520 TX = TA: GOSUD I0000

U:. 252.2 TA(1) = TX(1)
_"_ Z52 _,TX = TE: GO.SUB 10000

252..iTE(1) --TX(1)
:$2_ PRINT "TA,TE ="TA_" 'TE_" TAC,TEC =_TA(1)_" "TE(1)
2.530 PRINT "VOL='VO,"TA='TA,"ALT ="Z,"AIR'SPEED="KT

i:!:_ 2,i00 PRINT "Ul,U2,US,U4= '_UI;" ";U2_" ";U3_" "U'_
t--: 2602 PRINT "US,U6,U7= "_U_;" "_O6; .... ;U7
.... 260._ F'RI;'_T"31,B2_B3.,B'_="DI._ "B2;" "B3_" ",_

2a06 PRINT "B5.,B6,B7,B@" ";BS;" "_D6_' ";D7;" ')B8

_'.i 2410 PRINT 'IR(1).."IR(i)_" IR(2)="IR(2)
I_[ 2,_50 PRINT "TT=_TT.,"TD="TD,'T_='TG: PRINT
.... _432 TX = TT; GOSUB 10000

245¢ TT( I > -'-TX( t)
245,i TX = TB' _O.SUB lO000

_":,_ 24._7 T_(I) -"TX(£)
i;:i. :_$8 TX = TG; ,;0,SUD 10000
::_: 2.0aO TG(I> = TX(1)

2_o2 PRINT "TTC="TT(I>;" T:_C="T_(_};" TGC="T_,(1): PRINT
Z._'?O PRINT : F'RII_T : PRI.NT

":;: -",_ PR$ ':):PRINT "_-":"PR=_O FOR NO .";:!b_T,P._::I'_TO .':'RI:'_T'
'.'.:_ 2,=;2 PRINT "FOR .,.._=_UN;SET;'_EW'" "" 13._0''

_,a 'J J

27:0 ,:'R-_ 0
:.: ? 27Z1 IF .:'N = I. THEN pe:_ I
_,-::'_-_27_3 ?'_',Nr.. '.',]U=",qU,"n'r=., ......-r

.':;._ 27_,3 !<iF ;'.JN= 0 T_EN ,.,u,:a J._O0;7:0 ." -- .,_,...._",,. = ,_';XI -* Dr;"f_ = L]U
"7 _ 5 :_ 7 = " f I Z ': ,.( I -- :( : ) ,'It _: 'r 2 -- 'f : ) _ "_ !
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-80_' _::I_T "NEW rG="DT
2_i0 PR:t 0
", 1¢,.8..0 _OTO 1100
2900 PRf 0
2901 IF PN = i THEN F'R_ 1
2910 PRINT ",_D="GD,"TG."TG
2PIS IF HPI= 0 THEN GOTO $600
2_20 X4 = X3CY* = iS:X3 = T_:YS = QD
2_25 T_ = Y3 x (X3 - )(4) / (Y* - _'_) + ×_
2955 PRINT "NEW T_,="TG,"DT:"DT
2%0 PR# 0
3000 _,OTOllO0
5000 REM ; SUD FROM 2510
5010 IF FS <:i THEN PRINT "N"_''''i_n_
5011 IF FS < 1 THEN _OTO 5070
5020 iF F9 = :.'." I THEN PRINT "DAY"
50.30 IF L " .11 THEN PRINT "USA, CLEAR"
50_0
5050
50o0
5070
5500 Xl = DTIYI - QU:DT = DT + I:NN = 1
5510 GOTO2805
5600 X3 = TC,:Y3= QD:T_ = T_ + I:MM = 1
5010 GOTO2955
10000 REM SUB CONVERTSDEaF TO DEGC
10010 TX(1) = (TX 1 1._) - 273.15
10012 TX(1) • INT (TX(1) I i0 + 0.5) I 10
10020 RETURN

IF L " .52 THEN PRINT "USA, CLOUDY"
IF L = .3o THEN PRINT "ARCTIC, CLEAR"
IF L = .79 THEN PRINT 'ARCTIC, CLOUDY"
RETURN

;RUPROBRAM THEREQD OF 25APR82
PROGRAM THEREQD OF 25APR82

t

**** THEREQD TYPICAL OUTPUTS****

NIGHT
EI,E*,E3,Eo = .7_6 .796 .773 .773
E2,E5 = .676_ .6865
FS_ S_, S_ =0 .19 .19
L = .ll
H1,H2 = .02 .08
TA,TE =*00.2 501 TAC,TEC =-+7.5 5.2
VOL=3.1+I_ TA=_06.2
ALT =a5000 AIRSPEED=O
UI,U2,U3,U,= -203.2+7797 4.230913, 0 15B.14133_
US,Uo,U7= 230.51+509 -197.375059 7.73¢33416
BI,B2,B3,D_=-237.373284 -.22752_166 120.1389 158.I¢13_4
BS,B6,BT,B8= 0 197.375059 -230.514509 -7.73433,16
IR(I)=31.5673624 IR(2)=55.5+88737
TT=392.2.0091 TD=*07.758729
_G=_99,99951

English Units
BTUI(HR-Ft2-°R)

TTC=-55,2 TBC=-¢6._ T_C=-50.9

PROGRAM THEREOD OF 2oAPR82

£tAY
USA, CLEAR
EI,E+,E_,E_ : .796 .796 .773 .773
E2,E5 = .07_5 .o865
FS, SA, SB =¢29 .19 ,19
L= .II
H1,H2 = .02 .08
FA,TE =.06.2 50! TAC,TEC =-47.5 5.2
VOL=_.I+15 TA=¢06.2
ALT =o5000 AIRSPEED=O
UI,U2,U_,U*= -+06.183792 -29.6745976 326.575827
US,Uo,UT= 351,820345 -396..47326 -6.19866103
BI,B2,B3,D*=-362.288*8 -2!.3615739
BS,BS,DT,BS= 50.4283841 _94.¢47326
IR(I)=31.5673o24 IR(2)=55.5488737
iT=*o6.365_34 TD=¢53.220088
TG=459.792_6I

158.i_1334

120.1389 158.141334
-351.820_45 0o198b_I03

TTC=-I¢.I TBC=-21,¢ TGC=-17.7
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BASELINE VALUES FOR THERMAL

PAR._ETRICS OF APPENDIX E

:,&I'

_i,=,,E3,E_ = .7=a ..79o .773 ..773
L2,E5 = .o;OS ._865
;_, 5_, SB =4_9 .1_ ,I_
L a ,ii
HI,H2 = ,Oi .OB
[A, CE =_00.2 501 f_C_TE_ =-_7,5 5.2
_OL:2o?O000 rA=40o,2
_LI =o_000 kIRSPEED=O
UI,U_,U3,U_= -3oo2_82.i3 -2_7S5S.897 _9447,'i07
US,Uo,UT= 31719i5,21 -3_S06S6.6_ -55970.7B6S
BI,_,_3,B_=-3266293.0_ -192525.._8 i083306.24
BS,Bo,BT,BB: 508821.213 3_50656._4 -_171915.2I
IR_i,=31.5_73o2_ IR(2>=55.5_88737
_T=_o6.3o1275 TB=453.202615
iG=_5_.781_55

TTC:-I+.I TBC=-2i.4 TGC=-17.7

1425YTB.55

1425978.55
$5970.7865

PROGRAM THEREQD OF 26APR82

._!GHT
EI-E_,E3,E6 = .795 .796 .773 .773
E2,E5 = .o765 .o865
FS, Sa, SB =O .I_ .I?
L = .II
dl,H2 = .02 .OB "
_&,FE =_0_.2 501 TAC,TEC =-_T.5 5.2
VOL=2a_O000 TA=+06.2
_L,F =o5000 AIRSPEED=O
UI,U2,U3,U4= -183217_._I 3825+.7588 0 1425_7B.55
US,Uo,UT= 2077562.16 -1779235.18 b961_.6_05

,_,B3,B_=-2139378.36 -196&.825_ I08330_.2_ 1_2597B
BS,Bo,BT,B8= 0 17792_5.18 -2077562.16 -e_614.6_05
_R(I_=31.5o7362_ IR(2;=55.5488737
TT=372.211528 TB=407.709208
TG=399.9603o8

FTC=-55.3 TBC=-¢6.6 TGC=-50._

FI& E1

E-6



:_:: 0

;*.:.

-C - =

x_

_uJ

: _'-.

i, "

,:; E-7



• ÷

b:.

0
',:_ O

L--_ 0

- -_ • r/)

ii_: °"

oO
I., ZO

T ;

N

ILl

i:!

! !
r

E

I i i .........

E,8



0
r'T O

• +

: I

i_j._

:: 2_

uO
_" _zu

=#

£

v



: I.L

..L

, .j

ri

,.-,j

ix , , ,

i_, -

, . • , ,

i

i

I_____

]

• j

]

I

E-IO

_"r
_e

;×

°_

4_



, +'+

l-.,

!,.++

+,-,_-+-+'.

+'.,?.

f ," ,:

; ?'[_(

fy:_

.+ _.,

_-,'_

;m,

/"1

I"

lllll

. .,,:]_,,_,._.,
ul

- 7k'_....

- _.',;ft...

_m'. ,

i i

,.-:_ / I_.'_-,,_11 ..I %,

i

|

1 I ¢

i i • i

, *

, TI""",+.I iI"

<

l

+
i !

+

! l

i i

I'' _'JT'

i i i i

i

| i

_ ! ii , + i i ]i_ ul

.! I,'l _..,, ' , _" "I" .+"_ .- '--/t_..-...,+_-.,.,e ",,_''.e''_

,_ _ _ , , ++p.a- ' , , , , , ,

,+ ,-+,,, _..._+_" , ,.... ,..... ,+.,..,, , lB., I,.,, .,.,: ...... ,....... r_ ............. ,.......,,,,,
.. u+ I.'I ,.maw '_" ., , .,,,_,,,.,,_..+ .... " , ' . "IT, '

III _'_ + i% i l i I lI l ¢ i I i 1 i i i i

_ , , , , , , . , ,
l i I + •

s ¢ I + "
+ l + l

_qll -m f ' + _ I , '
•ll ,l • i l ¢',.'k,+ l...........l ....... + . ' , , ' , , ,

. _ '"1 ........ +.......... l ..... _ , ' ,
I,,:f "_ ... " _ _ ......... l .......... 1., _ ; ,

i . ." _ .., T '1 ..... k ....... +
• + , ,.l h, ,_' ", - +

E-ll



i "

7- :

i.

' :L]

t.-;

r:.; _

Iii;_

L__'.

i-_'j

17:

Iit_

i> r,

,'c.=

:.,.,

,mum
I
I

E
i'1
I

l,,al

,M

I,aml

...... i ' ,' T,I' , l.-_li:i:.,@.1._M :[ ..... " ' "' IZiT, '_U :]"• ,:,,,,.: :{ l,i ,< I !

t,m

Fig.Eq

E-12



;.:..

I

I:7
_-..?}

;:.+,

",.,;:
> I ,_

71:!

;/.;J

f:_:
r:.

t,;_ I.

r?:" !
i ±

r .

_G

T
I

_tm

F'!
I

!...I

im:

,,'w

!

-6

-6

5

4

4

5

0

5

5

_3

5

5

I

I
I

I

"_i '|_',i'

, , T.":_IT',Ib"l , , . ,, ,E;";:.,

| |

I'=' . "_ I,l,'r"l.I '..!i'..='.I t.!I

s

! i

I l''l

"'!"" ' , 'II, .........

| '" ,,, ,, ._..il
i ' ' "'1_ ' ' . " ,_=i i '

1,-_........ ._ , . ,i_..-", , ,
[ 'h, I , ._ 1

I ...... ""',, .A_''_:--' ' ' '

,_i,m , , , ..... ,.,.i-.i"t" ';"1.,, i .......
"i" _' I" .,i.,ti" 'l,,,. , ..1.

I ' ' ' I .I,-' '.' ' ['_tii, I ' '
| _._.=i"" "1 ",,,,

,_,lim , , , , , __.jipJ'_ , , , , "1,i, " , ,

,._l,J 'i' ' ' I '.1"

I ..r,-_"i-'

;_ 'i_ .....

i , i i ........, .....i..........+.......:! ,
I I I 1 i I

,,j -'._ _ ,:: ,
: , s _ _ '_N I , ts,tI : I , l,scl . _i _" ,l_ i _.1

m |m

'i !

FIC_.E8

E-13



i.'_"

i:"

I£

tL _

i _-T:+

|.,-;

t.-s

p

i::('

i_ .̧-

I.

t_

i'-.. o

T
E
M
n
I,,'
I

0
sll

1-.3

Il,

,%

- ,_@.L , E6 EMI ":'':' ",' "' "', i i

I_.__ ' ' - , •
u b , • • " '. ,._._,.-_,..L. , '.......

I' ,.I 4"I ' "_
I '%_, , , ' "

, ._. , i

_,__'t.JI "-_'_,, ...........
.,,e ,,s b_ | n,_,m_, s • ,_ , 'm._., •

.",_,I , , "r'r,-,'--_-_......... .... ,,

] , • ' ' ""___" '¢. r + " ' '" _"_+_"°"_ ",,

,,, ,.._ ,_I "' l" ' ' " "" _''' ' '" '
I

L- 4_1 .
I

,_; I ,_ i,i,I'

+
i !

|

i
iiii ''

i _ i IIs' |1 L .
I' ' "I" I"% ,_',

,,,,"' I _'il.,I Ii
+|_o'

+ i i i i l

s+"

-o

._o

i i ..i...j ,
.., + .

, i + " "+ _ . ,,d,,,

.... ,,,,. ,, ,,,,,,,,,, ,,,,,.,_,,,,,,,, I ÷i ÷ t ..+ I....................."....+! i + I " • .,
! iI "_,

'- m,I,,. _." -- ,_ , I,,,1 .-
_ i ':' _ '+ "-' '-' :' '"

"'6I,,.
u_,

1-16.E9

E-14



;j

F_.

; "_d

I -'j;

iSi _--

_r.-

I :?

z_

Nut

!'I-,_;4
I

-'_]1
S
t,.,.

L_.g,.::..

"' 5_-

2

5

1

E',

i

4

.; _:.'.(: ,Hi _ " '" ".°'_ I I Ii ' i .

'l'l"l'5"_'t't,,_,1 , ,

, -'_

'"11,1

i

" "' ' ' ' ' ' ' .... ';_'_.'w," '

. .=,,--._,,":,......,,,,,....... ...........,......,....,........,

I e u I

_" ,;_
I.,., I;,.,

E-15



! ,

_,.rr;'

i!:i

!i:-".x._J •

L"::

if }"

.I,I

'-- '5t. ',._1--

-,4,.-.,._--

. ,44 4 - -

4'.2 "'
1,

" 4_ _'."._
,

E-16

i



[L.

!-,-.f =f_
. L_"_

i,.

L,i

C.%'-

L-'L-_
r _"

r-:,

_.,'}

r'-_

eT.

t.:._

_'!-57
t

"_"!5i.i

rSIm

h,,,,

C_
...=,c1

"-47

,_,

-4 E_

,,-,,_i '1t
'l

-:315

'_',E ':,._ F.:TH r E;MF''..,:i;C ,.. -
I ' I I _ . ' I

I--_._._.._._...,.._._ , , ,
.... ,-,,-_ .... ;_

; Z.
Nm|_ t1''1' ! ' " _ ' ' ' '_"N

' I,,11,11 . , , '_il_ml," .

'"" , , , , ,, ' "_"_"'II
i

I

m

I,,,.
.m_ _ ¢I

,0 '..................

E_'_'

El,

5-

0

ii

5 ,

'Ii,

' I I i t_l I I I I I

.r_,,L_..,.r.
II_IIii_,

, a

i i

,,.,_ Et

I

I'_II1111
i I

i

'll1111h,,

'l

,l

l|_t '

t I " !
=,":'!El 54 _:_ :5_ H'im ! |uu

m

I I.=,

IriS. El2.

E-17



I "

i -

, _t

" 2 ,_

?i

_. ,..

!.-..

i' - !

[_'..

_L';

"r
I

E
r,1
F'

LI

E
I,,I

" ..... T P '"........ ,...M ,..,- 5.5q- , ' _ _{I'"1E::[EI',1T ':' . ....

,t_,.,.,,..,.,..........

°=_ ' '.... '_r'r," .......
,.j ,.I. I ' ' " _ _'_.,., '.

I '"",., .... "_'_" " _.,._,_.,.

..._l."lf '"'"'"' ,,,,, ,. , .. '"'".,,-,,,,,,. .....

,, , """t_'T' _' _,_,._..... _m_.._

_m ...... , ,.,L. "-..,
I 't,, ,

I "_I,

,', IZ I "It.

'I.,i.

, , , , 'i,, I'I','II

-..',,5,..........._,..........i..........._...........i',..........,,..........!..........4..........._,..........!...........i.
_' ,m' l,ml l'_ 'm I

I t

,'I_l

FI C_.E 13

E-18



_ j

b L

r L_

F-o

h-

.... T

b f;

!:{_.J

( :..

i./
) .j

T

[I
E

I.':

:! r"r'rI.,;IJ.IFr T { r",.,.,- _tI _ U,TS I DF., i- ,-.,.._-_, , ; , . , -',,- -', .-'l"_ ,

i

o i i i i i

I,"2 ,'' 1
:,.,J;,,._._-._.__,,_-- . , , ..,.,_.,,. .......

--"--'/ _v .--'--,--_,E.,l _,., ....
5 4-- ' _.... --'_"_ " ' ' --'-'_---i

i i i

-52-

" 50-

_m! I

i

I i

i

_,_4-

4 '2 ....
I

i

i

i i

)1_.iiiiii

i i i 1

i i i

' _'E'I"'

1

i 1

!

i

ll II III ll ll I 1 ll I I Ill I I IiI I I I I Ill II I ll|i_

I

I

l

1

I

| I I I

I I

I 1 I I

, l

"........}..........1...........[..........t..........}..........t..........t..........i..........}...........['
.", '_' ,:_ _ _._ '_ ,:, ,.'a,I l_iC,_ , 1 _, , ,., , , ,. , ,, ,,,., ,

H! ::t:1.¢.'1I'.,i0 'TE:_::[_
FI_.E 14

E-19



]

1! "

K:.

t, :7

F>J_...-_""

I "

[.;..

1_-.2 t
t..._

b
B_

!%..J

i"
I

E
1'1 -
F'

0
.r:?, -
I.,,.

f';

i _,

I,nl

to I

It

_ . , H;IF; I.1',,i:.!':[D.E ,1":0,1",1'..,EC,T1!3t,,I, , ,

"---'--". ....--""----,-T'T,a>-.......4--.-.;. ............;,..... :,
m i" ! i

_'2 4_ .
I.ii I

!56.-l- , ,
/

_L | T

i , i ,46 .............",........"...........'..........,"

44........

"',,'

1"I"i:_> 'lili ll|iiiil|iiiillli _ I III I III|_I IIII I III | I I IIIIII IIII IIIIII_|l_

i

! i

i

.............!.............÷.............I..............i.............I..............!.............I.............!
9 '" 4 _, ':' "i" ,.., :L i.:; 1 ":' ,4 6..... ,.- :[ :L

H;.2::i::L6 i',.in TE::t:.1.i."t

E-20



: -.-.

i".',%

_ .16

_ 3 .12.• "._Z

4..OH

02

l a) 0

.Z-?->__./

I'; ;

,

/
/

/
/

/
/

/

/

/
/

r%>.S

0 I0 ZO 30 qO 50 60 70 80 ?0 tO0

V_...OC.-r'T'Y , g', k'T.£

Reference - "Principles of Heat Transfer" Krieth

E-21



i Y _

,..

T_

i_i_:•

_-_.
t-i,:

ti'i

APPENDIX F

HULL BENDING MOMENT ANALYSIS



\j

LF

!./!

[i !i

,-?:_

[\-:;
r. -

t,.

[i,i
i")

L; -.

APPENDIX F

HULL BENDING MOMENT ANALYSIS

A primary concern with any non-rigid airship is the ability of the hull to

resist buckling under bending moments. The HAPP airship requires a hull

pressure of 1.64 cm. of water to maintain the ships profile under static loads,

and up to 3.10 cm. of water during portions of the flight envelope where

aerodynamic loads become significant.

Two routines were developed to determine the magnitude of the bending moment

along the length of the ship. The first divided the airship into 20 lengthwise

stations where static loads were located to calculate the static bending moments.

Another method used more refined increments to calculate the aerodynamic loads

due to gusts in the area of the tail. The small diameter of the tail region

identifies it as the area which will need the greatest hull pressure to resist

buckling. In the critical region, aerostatic and aerodynamic bending moments

were summed to find the hull pressure required.

Aerostatic bending moments were found by modeling the ship as a cantilever beam

held rigid at the tail. Station diameters were used to calculate lift over that

region, summed against hull and ballonet fabric weights and any other operational

components located there. The net force is multiplied by a moment arm equal to

the length to the next station, resulting in a bending moment at the adjacent

station. The moment at the third station in the sequence is equal to the sum of

the forces over the first two stations, multiplied by the length between the

second and third stations, and added to the moment of the preceeding station.

The routine follows to the end of the ship.
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Prior to finding aerodynamic loads due to gusts, a gust criteria must be

determined. According to the NASA technical memorandum 78118, Terrestrial

Environment (Climatic) Criteria Guidlines for Use in Aerospace Vehicle

Development_ 1977 Revision_ above 300 m. altitude, there is a I% risk of

encountering a discrete gust with an amplitude greater than 17 kts. A thousand

feet, standard atmosphere, 17 kt. discrete gust 10 kt. forward velocity will

be identified as the critical case. Lower altitudes see a significantly

reduced gust magnitude, and-greater altitudes a reduced air density for the same

17 kt. gust.

An outline of the equations and method used to calculate aerodynamic bending

moments is included at the end of this text. It was transcribed from a set of

notes supplied by Bill Putman, aerodynamic consultant to ILC.

To find the aerodynamic bending moments, each section of the ship is aerodynamically

approximated as a frustrum of a cone, the diameter and angle of which is

determined from the profile of the hull. A discrete gust of the "l-cosine" shape

is fixed along the length of the hull, corresponding to a local angle of attack

for the section of the ship being analyzed. An equation referenced to Upson is

used to calculate the force on the section, and from that, the bending moment

applied to the ship. The force results in a moment about the centerline of the

hull, and a force acting tangent to it.

The force contribution of the tail is input to the hull as a triangular distribution

with the peak at the leading edge of the root. Moments, and total forces

multiplied times moment arms, are summed to find the aerodynamic bending moments

due to gusts at every increment of the analysis.
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The final step in the aerodynamic bending moment analysis to find a combination

of gust wavelength, and phase shift relative to the length of the ship, that

requires the highest hull pressure. The need for this search is based on the

concept of the ship passing through the gust while in flight, giving a range of

phase shifts from 0° to 3600 . In this analysis a number of wavelengths were run

throughthe routine. Then, with the critical wavelength fixed, a peak in the

phase shift curve was found by iteration.

Aerostatic and aerodynamic bending moments are summed, then compared with

corresponding local diameters to calculate hull pressures required to resist

buckling from the loads. Pressure is found by viewing each segment of the ship as

a thin shell tube whose full circumference must remain in tension to avoid

buckling. In this case, pressure is equal to twice the moment, divided by PI and

the local radius to the third power.

Figures 1, 2, and 3, show the calculation build-up from component locations

and weights in the first, to a shear distribution in the second. The third

graph shows the bending moment diagram derived from the static shear diagram added

to the moments from the aerodynamic bending moment calculations.

Results of the analysis are shown in Figure 4 where hull pressure required is

plotted as it varies with position along the length of the ship. The graph

shows a peak of 1.64 cm. of water when the ship is under the influence of static

loads only. Just over 3 cm. of water is required to resist buckling when the ship

encounters the critical gust criteria. In this instance, aerodynamic and aero-

static curves are summed to represent the worst case where the gust compounds the

loads on the ship.
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APPENDIX F

AERODYNAI41C LOADING DUE TO GUSTS

by William Putman, 1982

-.AFT

,q

U

"=x

AF T - (½pv 2) AB=y sin 2ssin 2:g, LB

A x 2 Ft

[ :-
AM L --(_AFT TAN e) Ft. Ibs

For the finess ratios from 3 ÷ - , the virtual mass terms A and B are

( .T'

I/ii

such thai; AB = (l ± O.Ol)_ I. This observation, due to Upson, implies
T

that as long as the body is relatively smooth, one can use the potential

flow results in the local flow situation and the A8/2 term can be set = I.
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If we represent the gust field by a distribution:

_J

0 I

...._ _ _---__ /-I

!

Then, _g - I_U El-cos (x (360°)+ _ °)]
•

The bending moment distribution will be given by the integral of the

shear distribution and the local applied n_ment, ML, and the shear

distribution given by the integral of AFT(X). The computation is:

Shear Q(x) " r.
°

AX

AX

Where Y, e and _g are all functions of (x).
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Similarly, the bending moment distribution will be:

M(x)- _ [q(x)+ ML(x)]ax
0

With the same functional dependence.

The resulting shear and moment diagrams will, in general, not close;

ie. they will not go tO zero at the tail end. The unclosed values represent

untrimmed force and moment acting at and about the center of volume. After

subtracting the tail force and moment contribution, any residual force and

moment represent acceleration terms that will force closure of the shear

and moment diagram.

!_.",,_

!iil

):ii!

/

)

MTailc_

g_3

- -I.143 x 10-3 ATAN (_)

LTail " +2.54 x 10-3 ATAN (_)

Note that the ATAN (Wg/U) has the units of degrees.
\
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